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TITLE 



15 



INHIBmON OF INTERLEUKIN-LMn) TUMOR NECROSIS FACTOR 

PRODUCTION BY 
MONOCYTES AND/OR MACROPHAGES 



BACKGROTTNT) OP THE INVPNTTOK 

This invention relates to a method of inhibiting the production of 
interleukin-1 by monocytes and/or macrophages in a human in need diereof which 
2 0 comprises administering to such human an effective, interleuMn-l production inhibiting 
amount of a diaryl-substituted imidazole fused to a second heterocyclic ring containing 
a nitrogen bridgehead atom wherein said second ring may also contain sulfur, oxygen 
or an additional nitrogen atom, and may contain additional unsaturation. 

This invention relates to a method of inhibiting the production of 

2 5 Tumor Necrosis Factor (TNF) by monocytes or macrophages in a mammal in need 

thereof which comprises administering to such mammal an effective, TNF 
production inhibiting amount of a compound of Formula (II) as described herein, 
nie compounds of Formula (H) are generally described as diaryl-substituted 
imidazole fused to a second heterocyclic ring containing a nitnjgen bridgehead 

3 0 wherein said ring may also contain sulfur, oxygen, or an additional nitrogen atom, 

and may contain additional unsaturation. 

Lednicer, U.S. Patent Number 3,455,924, issued July 15, 1969, 
describes compounds of the formula: 
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OCH3 

wherein Z is a bivaleiit radical selected ftom the group consisting of: 
~?=?~?=?- -N=C-C=C- 
Re Rs Re ^6 Re Re Re 

and 

— S— C=C~ _o— c=c— 

Rs Rs Re Re 

in which up to two of the parameters Ri, R2, R3 and R4 are selected ftom the group 

5 consisting of hydrogen, lower alkyl and lower alkoxy having 1 to 4 carbon atoms, 
inclusive, hydroxy and nitro and the remaining parameters are hydrogen. 

Adams etal„ U.S. Patent AppUcation Serial Number 07/255,816, filed 
October 11, 1988, generically discloses pyridyl substituted pyrrolo-[2,l-a]-imida201es 
and pyridines as useful for inhibiting the 5-lipoxygenase pathway of arachadonic acid 

1 0 metabolism in an animal in need thereof. Specifically disclosed are the following 

con5)ounds: 

2-(4-methylthiophenyl)-3-(4-pyridyl)-6,7-dihydro- 
[5H]-pyrrolo-[l,2-a]-imida2ole; 

2'(4-methylsulfinylphenyl)-3-(4-pyTidyl)-6,7- 
1 5 dihydro-[5H]-pyTrolo[l,2-a]imida2ole; 

2-(4-ethylthiophenyl)-3-(4-pyridyl)-6,7-dihydro- 
[5H]-i>yrrolo[l,2-a3unida2ole; 

2-(4-ethylsulfinylphenyi)-3-(4-pyridyl)-6,7- 
dihydio-[5H]-pyrrolo[l,2-a]mridazole; 

2 0 2-(4-methylthiophenyl)-3-(4-(2-methyl)pyridyl>6,7- 

dihydro-[5H]-pynolo[l,2-a]miidazole; 

2- (4-methylsulfinylphenyl)-3-(4-(2-methyl)pyridyl)-6,7-dihydro-[5H]- 
pyirolo[ l,2-a]imidazole; 

6-(4-niethylthiophenyl)-5-(4-pyridyl)-2,3-dihydn>- 

2 5 imidazo[2,l-b]thia2ole; 

5-(4-methylthiophenyl)-6-(4-pyridyl)-2,3-dihydro- 
imidazo[2,l-b]thiazole; and 

3- (4-methylthiophenyl)-2-(4-pyridyl)-6,7-dihydio- 
[5H]-pyrrolo[ 1 ,2-a]imida2ole. 

3 0 Bender et al. . U.S. Patent Number 4,794,1 14, issued December 27, 

1988, disclose a method of inhibiting the production of IL-1 by monocytes and/or 
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macrophages in a human in need thereof which cmnprises administering to such human 
an effective, interieukin-1 production inhibiting amount of a compound of tiie fonnula; 

5 wherein: 

One of r1 and r2 must be 4-pyridyl and the odier is selected fiom 
monosubstituted phenyl wherein said substituent is selected fiom halo or Ci^ alkoxy; 

X is CH2, CH2CH2 or S(0)n; and 

nisO. 1 or 2; 
10 or a phaimaceurically acceptable salt thereof. 

Dinarello etal.. Int J. Immnnophaimacologv. 6(1), 43-50 (1984), 
suggest that a product of arachidonate lipoxygenase is important ia the sequence of 
events underlying cell activation for the production of human interieuldn-1. 

Giiswold etal., Inflammatinn. n(2), 189-199 (1987), discuss die 

1 5 inhibitory effects of 5-(4-pyiidyl)-6(4-fluorophenyl)-2,3-dihydit)iinidazo- 

^l-b)thiazole and other dual inhibitors of arachidonic acid metabolism (i.e., inhibitors 
of 5-lipoxygenase and cyclooxygraase mediated arachidonate metabolism) on the 
edematous and cellular component of arachidonic acid-induced inflammation. 

Lee et al.. Int. J. Immnnnphamnar , 70(7), 835-843 (1988). discuss 

2 0 that [5-(4-pyridyl)-6(4-fluoiophenyl)-23-dihydroimidazo(2,l-b)thiazole], which 

inhiWts bodi 5-Upoxygenase and cyclooxygenase-mediated aiachidraiate metabolism, 
was shown to be apotent inhibitor of H^l production by bacterial Kpopolysaccharide 
(LPS)-stimulated human nronocytes, and that other cyclooxygenase and/or 5- 
lipoxygenase inhibitors of arachidonic add metaboHsm tested, with the exception of 

2 5 nordihydroguaiaretic add, were inactive in inhibiting monocyte IL-1 production 

suggesting that the inhibition of IL-1 production by 5-(4-pyridyl>6(4-fluorophenyl)- 
2,3-dihydioiimdazo-(2,l-b)tiuazole may be dissodated from its inhibition of fatty acid 
oxygenases. 

There remains a need for compounds which are usefiil in inhibiting the 

3 0 production of interleuldn-1 (IL-1) by monocytes and/or macrophages in a human in 

need of such inhibition. 

Studies have indicated diat TNF is a glycoprotein and that its activity is 
associated witii high molecular wdght components. Mouse and rabbit TNF have been 
isolated, as has human TNF which sequence is taught in US Patent 4,879,226, issued 
3 5 November 7, 1989. TNF is synthesized as a prohormone and subsequenfly cleaved at several 
sites tt) yield the mature hormone. While the active polypeptide itself has been evaluated for 
treatment of tumors due to its ealier reported antineoplastic activity, tiiis administration has not 



wo 91/00092 PCrAJS90/03367 

-4. 

been ^thont may severe toxicities. Overproduction of TNF has furtlier been implicatedin the 
pathogenesis of endotoxin/septic shock. See e.g., Carswell et al,, Proc. Natl. Acad. Sci. USA. 
72, 3666-3670 (1975). Endotoxin is the Kppolysaccharide component of the cell wall of gram- 
negative bacteria, and is a macrophage activator which induces the sjmthesis and secretion of 
5 cytokines and other biologically active molecules such as TNF. In sepsis, TNF production ^ 
leads to hypotension, vascular endothelial permeability, and organ damage, i.e., som eof the 
results of endotoxic shock. Adult Respiratory Distress Syndrome (ARDS) is frequently ? 
assodated with sq)sis and multiple organ failure wMch has led to the suggested role o^ 
the pathogenesis of ARDS. TNF is also the agent responsible for the wei^t loss (cachexia) 
1 0 found in dm>mc catabolic disease states, such as long term parasitic and viral infections and 
malignancies. This weight loss is a handicap to recovery and may even be fatal. 

TNF also appears to play arole as an early product in the inflammatory 
response. See e.g.. Old., Namre. 330. 602-03 (1987). It further appears that among tiie 
cytokines, while TNF production precedes and augments the function of ILr 1 and other 

1 5 cytokines there is no clear data on how the relationship among these molecules contributes to 

inflammationrrelated disease states. TNF activates macrophages and enhances their cytotoxic 
potential ia vitro. TNF has been shown to be chemotactic for monocytes, suggesting that the 
production of TNF at sites of injury may function to recruit additional macrophages and 
activate those macrophages already pr^nL 
20 Among the various mammalian conditions for which TNF is implicated 

in mediating or exacerbating rheimiatoid arthritis, rheumatoid spondylitis, 
osteoartimtis, gouty arthritis and other arthritic conditions; sepsis, septic shock, 
endotoxic shock, gram negative sepsis, toxic shock syndrome, adult respiratory 
distress syndrome, fever and myalgias due to infection, such as influenza, cachexia 

2 5 secondaify to infection or malignancy, cachexia secondary to acute immune deficiency 

syndrome (AIDS), keloid formation, scar tissue formation, Crohn's disease, uclerative 
colitis, or other inflammatory skin conditions such as pycesis. 

The ability to control the adverse effects of TNF is furthered by the use 
of the compoimds of this invention for humans who are in need of such use. There 

3 0 remams a need for compounds which are useful in inhibiting the production of tumor 

necrosis factor (TNF) by monocytes and/or macrophages in a human in need of such 
inhibiticm. 

SUMMARY OF THE INVENTION 

This invention relates to a method of inhibiting the production of 
3 5 interleukin-1 (IL-1) by monocytes and/or macrophages in a human in need thereof 

which comprises administering to such human an effective, IL-1 production inhibiting 
amount of a compound of the formula 
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wherein: 



R2-y— (C)„— Rs 
FORMULA (I) 



Wi is -(CR4R5).(CR6R7)-, -CR5=CR7-, -N=CR7-. -S(0)m- or -0-; 
5 one of Ri and Rq is 4-pyridyl or Cm alkyl-4-pyridyl, provided that 

when Ri is alkyl-4-pyridyl the alkyl substiment is located at the 2-position of the 
pyridine ring, and die other of Rj and Rq is 

(a) phenyl or monosubstituted phenyl wherein said 
substituentis C1.3 alkyldiio, C1.3 alkylsulfinyl, C2.5 l-alkenyl-l-diio, 

^ ^ C2.5 1-alkenyl-l-sulfinyI, C3.5 2-aIkenyl-l.duo, C3.5 2-alkenyl-l- 

sulfinyl, 1-acyIoxy-l-alkylthio, C1.2 alkoxy. halo, alkyl or Z 
wherein Z is - S-S - Zi and Zi is phenyl or C1.9 alkyl ; or 

(b) disubstituted phenyl wherein said substinitents are, 
independently, C1.3 alkylthio, C1.2 alkoxy, halo or alkyl; or 

^ ^ (c) disubstituted phenyl wherein one of said substituents is C1.3 

alkylsulfinyl, C2.5 1-alkenyl-l-thio, C2.5 1-alkenyl-l-sulfinyl, C3.5 2- 
alkenyl-l-thio, C3.5 2-alkenyl-l-suIfinyl or 1-acyloxy-l-alkyldiio and ' 
die odier is C1.2 alkoxy, halo, or alkyl; or 

(d) disubstituted phenyl wherein the substiments are die same 
^ " and are C1.3 alkylsulfinyl, C2.5 1-alkenyl-l-diio, C2.5 1-alkenyl-l- 
sulfinyl, C3.5 2-alkenyl-l-thio, C3.5 2-alkenyl-l-sulfinyl or 1-acyloxy- 
1-allqrltiiio or whorein the substituents togedier fonn a methylene dioxy 
group; or 

(e) monosubstituted phenyl wherein said substiment is 




25 — ^-S-(CH2„-S 

t is 0 or 1; Wi. Ri, R2, R3, R4, R5, R^, R7, Rg and R9 are as defined 
above; 

provided that: 

(1.) when Wi is -(CR4R5)-(CR6R7)- tiien 
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nisOorl; 

and R2, R3, R4, R5, Rg, R7, Rg, and R9 are, independendy, -H or 
Ci-2 alkyl; and when Rj or Rq is 4-pyridyl, the other of Rj and Rq is 
other than mono-Ci.2 alkoxy-substituted phenyl or mono-halo- 
5 substituted phenytor 

when n is 0, R4 and R5 together are 0x0; R4 and R5 are both fluoro, or 
one of R4 and R5 is H and the other is OH; 
(2.) when Wi is -CR5=CR7- or -N=CR7- then 

nis 1; 

1 0 R3, R5, R7 and R9 are, independently, -H or C1.2 alkyl; and 

R2 and Rg togetho- reprcsrat a double bond in the B ring such that the 

B ringis an aromatic pyridine or pyrimidine ring; 
(3.) When Wj is 8(0)^ dien 

misO, 1 or 2; 
15 n is 1 or 2; and 

R3 and Rg are, independendy, -H or C1.2 alkyl; 

R2 and Rg are, independendy, -H or C1.2 or R2 and Rg together 

represent a double bond in the B ring such that the B ring is an aromatic 

thiazolering; 
20 further provided that: 

(a) when R2 and Rg are, independendy, -H or C1.2 ^Ikyl and 
Rj or Rq is 4-pyridyl, then the other of Rj and Rq is other than 
mono-Ci,2 alkoxy-substituted phenyl or mono-halo-substituted 
phenyl; and 

25 (b) when R2 and Rg together represent a double bond in the B 

ring such that the B ring is an aromatic thiazole ring, then m is 0 
andnis 1; and 
(4) when Wj is -O- \hcn 

nis 1; 

3 0 R3 and R9 are, independendy, -H or C1.2 alkyl; and 

R2 and Rg together represent a double bond in the B ring such that the 
B ring is an aromatic oxazole ring 
or a pharmaceutically acceptable salt thereof. 

This invention further relates to the intermediate compounds of 
3 5 Formulas C, D, E, F, If, and G. 

This invention also relates to a method of inhibiting the production of 
tumor necorsis factor (TNF) by monocytes and/or macrophages in a human in need 
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thereof which comprises admimstering to such human an effective, TNF production 
inhibiting amount of a conapound of the Formula (II). 



wherein: 



R f« 
Ra-/— {C)„— F 

FORMULA (E) 



Wi is -(CR4R5)-(CR6R7)-, -CR5=CR7-, -N^CRy-, -S(0)ni- or -0-; 
one of Ri and Rq is 4-pyridyl or Ci^ alkyl-4-pyridyl, 
^ ^ provided that when Ri is Ci^ alkyl-4-pyridyI the alkyl substituent is 

located at the 2-position of the pyridine ring, and the other of Ri and 
Rqis 

(a) phenyl or monosubstituted phenyl wherein said 
substituent is C1.3 alkylthio, C1.3 alkylsulfinyl, C2.5 1-alkenyl-l-thio, 

1 ^ C2.5 1-alkenyl-l-sulfinyl, C3.5 2-alkenyl.l-diio, C3.5 2.alkenyl-l- 

sulfinyl, 1-acyloxy-I-alkylthio, Ci,2 alkoxy, halo, alkyl or Z 
wherein Z is - S-S - Zi and Zi is phenyl or C1.9 alkyl ; or 

(b) disubstituted phenyl wherein said substitutents are, 
independcndy, C1.3 alkylthio, C1.2 alkoxy, halo or Ci^ alkyl; or 
^ ^ (c) disubstituted phenyl wherein one of said substituents is 

C1.3 alkylsulfinyl, C2.5 1-alkenyl-l-thio, C2.5 l-alkenyl-l-sulfinyl, 
C3.5 2-aIkenyl-l.thio, C3.5 2-alkenyH-sulfinyl or 1-acyloxy-l- 
alkylthio and the other is C1.2 alkoxy, halo, or Ci^ alkyl; 

(d) disubstituted phenyl wherein the substituents are the same 

2 ^ and are C1.3 alkylsulfinyl. C2.5 l-alkenyl-l-thio, C2.5 1-alkenyl-l- 

sulfinyl, C3.5 2-alkenyl-l-thio, C3.5 2-alkenyH.sulfinyl or 1- 
acyloxy-l-alkylthio or wherein the substituents together form a 
methylene dioxy group;or 

(e) monosubstituted phenyl wherein the substituent is 
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R3 




R3 r 

R2-7— (C)n— R« 

i / 




t is 0 or 1; Wi, Ri, R2, R3, R4, R5, R^, R7, Rg andRp are as defined 
above; 

provided diat 
5 (1.) when Wi is "(CR4R5)-(CR6R7). ttien 

nisO; 

a) and R4 and R5 may together form an 0x0; R4 and R5 are both 
flouro;oroneofR4andR5isHandtheotherOH; or 

1 0 (2.) when Wi is •CR5=CR7- or -N=CR7- then 
nis 1; 

R3» ^5* R7 R9 are, independendy, -H 
orCi.2alkyl;and 

R2 and Rg together rqsresent a double bond in the B ring such that the 

1 5 Bring is an aromatic pyridine or pyrimidine ring; 

(3.)whenWiisS(0)inthen 

misO, 1 or 2; 
nis 1 or 2; and 

R3 and R9 are, independendy, -H or C1.2 alkyl; 
^0 R2 and Rg are, independendy, -H or C1.2 alkyl or R2 and Rg 

together represent a double bond in the B ring such that die B ring is 
an aromatic thiazole ring; 
further provided diat: 

(a) when R2 and Rg are, independendy, -H or Ci_2 alkyl and 
^ ^ Rl or Rq is 4-pyridyl, tfien die other of Rj and Rq mono- 

flouro-substituted phenyl; and 

(b) when R2 and Rg togedier represent a double bond in the B 
ring such that die B ring is an aromatic thiazole ring, then m is 
0 and n is 1; and 

30 



(4) when Wj is -O dien 
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nis 1; 

R3 and R9 are, indqjendently, -H or C1.2 alkyl; and 
R2 and Rs together represent a double bond in the B ring such that the 
B ring is an aromatic oxazole ring; 
5 OT a phannaceutically acceptable salt thereof. 

This invention also relates to a compound of Formula (lA) and the 
process of making a confound of Foimula (lA): 

Ra-/— (C)n— Rfi 

10 FORMULA (lA) 

wherein: 

W is -CR5=CR7-, -N=CR7-, -S(0)ni- or -0-; 

one of Ri and Rq is 4-pyridyl or C1.4 alkyl-4-pyridyl, provided 
that when Ri is Ci^ aIkyl-4-pyridyl the alkyl subsdtuent is located at the 2-position of 
15 the pyridine ring, and die otho- of Ri and Rq is 

(a) monosubstituted phenyl wherein said substituent is C1.3 
alkylthio, C1.3 alkylsulfinyl, C2.5 l-alkenyl-l-diio, C2.5 1-alkenyl-l- 
sulfinyl, C3.5 Z-alkenyl-l-thio, C3.5 2-alkenyl-l-sulfinyl, l-acyloxy-l- 
alkylthio, C1.2 alkoxy, halo, C1.4 alkyl, or Z wherein Z is - S-S - Zi 

20 and Zi is phenyl or C1.9 alkyl; or 

(b) disubstituted phenyl wherein said substitutents are, 
independently, Ci.salkylthio, Q.\.2 alkoxy, halo or Ci^ alkyl; or 

(c) disubstimted phenyl wherein one of said substiments is C1.3 
alkylsulfinyl, C2.5 1-alkenyl-l-thio, C2.5 1-alkenyl-l-sulfinyl. C3.5 2- 

2 ^ alkenyl-l-thio, C3.5 2-alkenyl-l- sulfinyl or 1-acyloxy-l-alkylthio and 

the other is C1.2 alkoxy, halo, or C1.4 alkyl; 

(d) disubstimted phenyl wherein the substituents are the same 
and are C1.3 alkylsulfinyl, C2.5 l-alkenyl-l-thio, C2-5 1-alkenyl-l- 
sulfinyl, C3.5 2-alkenyl-l-thio, C3.5 2-alkenyl-l-sulfinyl or 1-acyloxy- 

^ ^ 1-alkylthio or wherein the substiments together fomi a methylene dioxy 

group; or 

(e) monosubstituted phenyl wherein said substitutent is 
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S-(CH2jrS 



t is 0 or 1; Wi, Ri, R2, R3. R4, R5, R6» R?* Rs and R9 are as in 
Fbnnula(I); 



nis 1; 

R3, R5, R7 and R9 are, independendy, -H or C1.2 alkyl; 

R2 and Rg together represent a double bond in the B ring such that the 



mis 0, 1 or2; 
nis 1 or 2; 

R3 and R9 are, independendy, -H or C1.2 alkyl; and 
R2 and Rg axe, independendy, -H or C1.2 alkyl; then 
one of Rj or Rq is 4-pyridyl, and the odier of Rj and Rq is: 

(a) monosubstituted phenyl wherein said substituent is selected 
from C2-5 1-alkenyI-l-thio, C2.5 1-alkenyH-sulfinyl, C3.5 2- 
alkenyH-thio, C3.5 2-alkenyH-sulfinyl, 1-acyloxy-l-alkylthio; 
or 

(b) disubstituted phenyl wherein said subsdtuents are 
independendy selected from C1.3 alkylthio or halo; or 

(c) disubstituted phenyl wherein one of said subsdtuents must be 
C1.3 alkyldiio, C1.3 alkylsulfinyl, C2.5 l-alkenyl-l-diio, C2-5 
1-alkenyH-sulfinyl, C3-5 2-alkenyl-l-diio, C3.5 2-alkenyH. 

sulfinyl or 1-acyloxy-l-alkylthio and the other is selected from 
C1.2 alkoxy, halo or Cj^ alkyl; and 



n is 1; and 

R2 and Rg together represent a double bond in the B ring such that the 

B ring is an aromatic thiazole ring; then 

R3 and R9 are, independently, -H or C1.2 alkyl; and 



provided diat: 
5 (1.) when W is -CRs^CRy- or -N=CR7- dien 



B ring is an aromatic pyridine or pyrinridine ring; and 



10 (2.)whenWisS(0)ni; 



(3.) WhenWisS(0)m; 

misO; 



(4.) when W is -O- then 
nis 1; 
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R3 and R9 are, independently, -H or C1.2 alkyl; and 
R2 and Rg together represent a double bond in the B ring such that the 
B ring is an aromatic oxazole ring; or 
or a pharmaceutically acceptable salt thereof! 

5 This invaition also relates to a pharmaceutical composition comprising 

an effective, non-toxic amount of a compound of Fonnula (lA) and a pharmaceuticaUy 
acceptable caiasx or dabaeat 

DHTAn Pn nESCRTPTrnN of THF. TNVFNTrnM 

It wiU be apparent to one of skiU in the an that aU tiie compounds 

1 0 of Formula (lA) are embraced within die scope of the compounds of Formula (D. TTie 

compounds of Formula (I) are also embraced witiiin the scope of the compounds of 
Fonnula (II). The compounds of Formula (I) differ fiom the compounds fo Fonnula 
(II) wherein is -(CR4R5HCR6R7)- and when Wj is S(0)m The compounds of 
Formula (D) do not have the following proviso language: 

whenWiis-(CR4R5)-(CR6R7)-tiien; 

n is 0 or 1; 

and R2, R3, R4, R5, Rg. R7, Rg, and R9 are, independendy, -H or 
C1.2 alkyl; and when Ri or Rq is 4-pyridyl, the other of Ri and Rq is 
other than mono-Ci.2 alkoxy-subsrituted phenyl or mono-halo- 

2 0 substituted phenyl; or 

whenWiisS(0)intiien 

m is 0, lor 2; 
nis 1 or 2; and 

R3 and R9 are, independently, -H or C1.2 alkyl; 
R2 and Rg are, independendy, -H or C1.2 alkyl 
further provided tiiat: 

(a) when R2 and Rg are, independendy, -H or C1.2 alkyl and 
Rl or Rq is 4-pyridyl, then the otiier of Ri and Rq is other tiian 
mono-Ci.2 alkoxy-substituted phenyl or mono-halo-substimted 
phenyl. 

In addition to the methods of die present invention, and the compounds of Fonnula 
OA) this invention also relates to the interemediate compounds shown below. 
This invention relates to a compound of die formula : 



25 



30 
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R2-/— (C)n-R9 




'8 




FORMULA (D) 



, or a phannaceuticaDy acceptable salt thereof, 
wherein: 



10 



15 



20 



25 



W is -CR5=CR7-, -N=CR7-, -S- or -0-; 

Yj is 4-(l,4-dihydro)pyTidyl substituted with N-(Ci-g alkanoyl), N- 



(Ci.g alkoxycarbonyl), N-bcnzoyl, N-phenoxycarbonyl, N-phenylacetyl, or N- 
benzyloxycarbonyl; 

Yq is (a) monosubstituted phenyl wherein said 
substituent is C1-3 alkylthio, C1.2 alkoxy, halo, -H, or Ci^ alkyl; or (b) disubstituted 
phenyl wherein said substitutents are, independently, C1.3 alkylthio, C1.2 alkoxy, 
halo. Ci^ aDcyl, or the disubsrituents together form a methylene dioxy group; 

provided that: 

(L) when W is -CRs^CRv- or -N=CR7- then 



nisi; 

R3, R5, R7 and R9 are, independently, -H or C1.2 alkyl; 
R2 and Rg together represent a double bond across the two adjacent 
carbon atoms in the B ring so as to form an aromatic pyridine or 
pyrimidine ring; and 



nis 1; 

R3 and R9 are, independendy, -H or C1.2 alkyl; and 

R2 and Rg together represent a double bond in the B ring such that the 

B ring is an aromatic thiazole or oxazole ring. 

This invention also relates to a compound of the formula: 




FORMULA (E) 
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, or a phannaceutically acceptable salt thereof, 
wherrin: 

W is -CR5=CR7-, -N=CR7.. -S- or -O; 

one of Zi and Zq is 4-(l^-dihydro-2- 

alkyDpyridyl substituted with N-(Cl-8 alkanoyl), N.(C1.8 alkoxycarbonyl), N- 

benzoyl, N-phenoxycarbonyl, N-phenylacetyl, or N-benzyloxycaibonyl; and the other 
ofZjandZois 

(a) monosubstituted phenyl wherein said substiment is seleaed 
firom C1.3 alkylthio, C1.2 alkoxy, halo, -H, or Ci^ alkyl; or 
Q)) disubstimted phenyl wherein said substitutents are 
independently selected from C1.3 alkylthio, C1.2 alkoxy, halo, C1.4 
alkyl, or the disubstituents together form a methylene dioxy group; 

provided that 

1 5 (1.) when W is -CR5=CR7- or -N^CRy- then 

nis 1; 

R? R9 are, independently, -H or C1.2 alkyl; 
R2 and Rg together represent a double bond in the B ring such that the 
B ling is an aromatic pyridine or pyrimidine ring; and 

2 0 (2.) when W is -S- or -O- then 

nis 1; 

R3 and R9 are, independendy, -H or C1.2 allq^l; and 
R2 and Rg are, independendy, -H or C1.2 alkyl or together represent a 
double bond in die B ring such that the B ring is an aromatic thiazole or 
2 5 oxazolering. 

This invention also relates to a compound of die formula: 

(C)n— Rc 

(Rio)3Sn N w 

FORMULA (F) 

W is -CR5=CR7., ^N=CR7., -S- or -O-; 
RlO is Ci^ alkyl; and 

X2 is 4-pyridyl or mono-Ci^alkyl-substituted pyridyl; 

provided tiiat: 



3 0 wherein: 
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(1.) when W is or -N=CR7- then 

nisi; 

R3, R5, R7 and R9 are, independently, -H or C1.2 alkyl; 

R2 and Rg together lepresmt a double bond in the B ring such that the 

5 B ring is an aromatic pyridine orpyrimidine ring; and 

(2.) whenWis-S-th» 
nisi or 2; 

R3 and R9 are, independendy, -H or C1.2 alkyl; 
further provided that: 
10 (a) when W is -S- and n is 1 then R2 and Rg are, 

independently, -H or C1.2 alkyl or together represent a double bond in 

the Bring such that the Bring is an aromatic thiazole ring; and 
(b) when W is -S- and n is 2 then R2 and Rg are, 
independendy, -H or C1.2 alkyl; and 

1 5 (3.) whCT W is -O then 

nisi; 

R3 and R9 are, independendy, -H or C 1.2 alkyl; and 

R2 and Rg repesent double bonds in the B ring such that the B ring is an 

aromatic oxazole ring. 

2 0 This invention also relates to a compound of the formula: 




FORMULA (G) 



2 5 , or a pharmaceutically acceptable salt thereof, 

wherein: 

W is -CR5=CR7-, .N=CR7-, -S- or 

one of Vi or Vq is 4-pyridyl or Ci-4alkyl-4-pyridyl, provided that 

3 0 when Vi is Ci^alkyl-4-pyridyl the alkyl substitutent is located at the 2-position of the 

pyridine ring, and the other of and Vq is selected fipom: 

(a) monosubstituted phenyl wherein said substituent is mercapto; 

or 

(b) disubsrimted phenyl wherein one of said 
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substiments must be mercapto and the other is selected fix>m meicapto, 
Ci.2 alkoxy, halo, or Cj^ alkyl; 

provided than 

(L) when W is -CRs^CRy- or -N=CR7- then 
5 n is 1; 

R5» R9 are, independendy, -H or C1.2 alkyl; and 

R2 and Rg together represent a double bond in the B ring such that the 
B ling is an aromatic pyridine or pyrimidine ring; and 
(2.) when W is -S- then 
10 nislorl; 

R3 and R9 are, independendy, -H or C1.2 alkyl; 
further provided that: 

(a) when W is -S- and n is 1 then R2 and Rg are, independendy, -H 
or C1.2 alkyl or togedier represent a double bond in the B ring 

^ ^ such that the B ring is an aromatic thiazole ring; and 

(b) when W is -S- and n is 2 then R2 and Rg are, independendy, -H 
or C1.2 alkyl; and 

(3.) when W is -O then 
n is 1; 

^ ^ R3 and R9 are, independendy, -H or C1.2 alkyl; and 

R2 and Rg repesent double bonds in die B ring such diat the B ring is an 
aromatic oxazole ring. 

This invention also relates to a compound of the formula: 

R 



25 



FORMULA (Q 



, or a phaimaceutically acceptable salt thereof, 
3 0 wherein: 



W is -CR5=CR7-, -N=CR7-, -S- or -O-; 
Xis 

a) 4-pyridyl or mono-Ci^ alkyl-subsiituted pyridyl; 
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b) b) phenyl or monosubstituted phenyl wherein the substituent is 
selected from hydrogen, halo, Ci^ alkyl, C1.3 alkylthio, or C1.2 

alkoxy;or 

c) disubstituted phenyl wherein the substituents are selected 

5 halo, C1.3 alkylthio, C1.3 alkyl, C1.2 alkoxy, or the disubstituents 

together form a methylene dioxy group; 

provided that: 

(1.) when W is -CR5=CR7. or -N=CR7- dien 
nis 1; 

1 0 R3, R5, R7 and R9 are, independendy, -H or C1.2 alkyl; 

R2 and Rg together represent a double bond in the B ring such that the 
B ling is an aromatic pyridine or pyrimidine ring; and 
(2.) when Wis -S- then 
nis 1 or 2; 

15 R3 and R9 are, mdependendy, -H or C1.2 alkyl; 

further provided that: 

(a) when W is -S- and n is 1 then 

R2 and Rg are, independendy, -H or C1.2 alkyl or 
together represent a double bond in the B ring such that the B 

2 0 ring is an aromatic thiazole ring; and 

(b) whenWis-S-andnis2tiien 

R2 and Rg are, independendy, -H or C1.2 alkyl; and 
(3.) when W is -O tiien 
nis 1; 

25 R3 and R9 are, independendy, -H or C1.2 alkyl; 

R2 and Rg together represent a double bond in die B ring such that the 
B ring is an aromatic oxazole ring. 

By the term "halo" as used herein is meant all halogens, Le., chloro, 

3 0 fluoro, bromo and iodo. 

By die temi "inhibiting die production of IL-1" is meant the down 
regulation of excessive in vivo IL-1 levels in a human to normal levels. 

By die term "production of IL-1 by monocytes and/or macrophages" is 
meant the in vivo release of BL-l by such cells, 
3 5 By the term "inhibiting the production of TNF' is meant the down 

regulation of excessive in vivo TNF levels in a human to normal levels. 

By the term "production of TNF by monocytes and/or macrophages" is 
meant the in vivo release of TNF by such cells. 
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The discovery of a conq)ound which specifically inhibits TNF 
production xvifl not only contribute to the understanding of how this molecule is 
synthesized, processed and secreted, but will also provide a therapeutic approach for 
diseases in which excessive or unregulated TNF production is impUcated. As TNF-B 
(also known as lymphotoxin) has close structural homology with INF-a (also known 
as cachectin) and since each induces similiar biologic responses and binds to the same 
cellular receptor, both TOF-a and TNF-6 are both inhibited by the compounds of the 
presoit invention and thus are herein referred to coUectively as *TNF' unless 
specifically delineated otherwise. 

By the term "sulfinyl" as used herein is meant the oxide of the 
corresponding sulfide. By the term "thio" as used herein is meant the sulfide. For 
fimher clarification, the foUowing table oudines the structural attachment of the atoms 
of the Ri and Rq subsriments of the compounds of Formula d) and Formula (II): 



1 5 RjorRc 



Structural Attachment 



Cl-3 alkylsulfinyl [AS(0)-] 

C2.5 1-alkenyl-l-thio [AA1c=CHS-] 

C2.5 1-alkenyl-l-sulfinyl [AA1c=CHS(0)-] 

C3.52-alkenyH-thio [ACH=CA1cH2S-] 



20 C3.5 2-alkenyl-l-sulfinyl [ACH=CA1cH2S(0)-] 

1-acyloxy-l-alkylthio [AC(0)0CH(a1)S-] 



NOTE: A and a1 are hydrogen or alkyl; 



The preparation of aU compounds of Formula (I) and (E) and 
pharmaceutically acceptable salts thereof wherein Wi is -(CR4R5HCR6R7)-; n is 0 or 
1; R2, R3, R4, R5, Rg, Ry, Rg and R9 are H or one or more of R2, R3, R4, R5. R5, 
R7. Rg and R9 are independently selected ftom H or C1.2 alkyl; and one of Rq or Rj ' 
is 4-pyridyl or mono-CMalkyl-substituted-4-pyridyl. is disclosed in Bender etaL 
3 0 U.S. Patent AppKcarion Serial Number 07/255,816, filed October 11, 1988, the 
disclosure of which is hereby incorporated by reference. 

The preparation of all compounds of Formula (I) and (II) and 
phaimaceuticaUy acceptable salts thereof wherein Wj is S(0)n,; m is 0, 1 or 2; n is 1 or 
2; R2. R3. R4, R5, R6, R7, Rg and R9 are H or one or more of R2, R3. R4, R5, Rg, 
R7. Rs and R9 are independentiy selected from H or C1.2 alkyl; and Ri or Rq is 4- 
pyridyl, other than those compounds wherein Ri or Rq is monosubstimted phenyl 
wherein said substinient is selected from C2.5 1-alkenyl-l-thio, C2.5 1-alkenyl-l- 
sulfinyl. C2.5 2-alkenyl.l-thio or C2.5 2-alkenyl-l-sulfinyl.l-acyloxy.l-alkyltiiio or 
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disabstitated phoiyl wherein said substitutoits are selected firom one of the following 
combinations: di(Ci.3 alkylthio), dihalo, C1.3 alkylthio and Ci_2 alkoxy, C1.3 
alkyhhio and halo, C1.3 allqrlthio and Cj^ alkyl, or Ci_2 alkoxy and halo, or 
disubstituted phmyl wherein the substituents are the same and are selected from; C1.3 
5 alkylsulfinyl, C2.5 1-alkcnyl-l-thio, C2-5 l-alkenyl-l-sulfinyl, C3.5 2-alkenyl-l-thio, 
C3.5 2-alkcnyl-l-suI5nyl or 1-acyloxy-l-alkylthio, or disubstituted phenyl wherein 
one of said substituents must be C1.3 alkylthio, C1.3 alkylsulfinyl, C2.5 l-alkenyl-l- 
thio, C2.5 1-alkenyH-sulfinyl, C3.5 2-alkenyH-tiuo, C3.5 2-alkenyH-sulfinyl or 1- 
acyloxy-l-alkyltiiio and the oth^is selected from C1.2 alkoxy, halo, or Cj^ alkyl is 
1 0 disclosed in Bender ct al,. U.S» Patent Number 4,175,127, issued November 20, 

1979, Bender fitaL U.S. Patent AppUcation Serial Number 07/106,199 filed on July 
10, 1987 or Bender et al., U.S. Patent Number 4,803,279, issued February 9, 1989, 
the cntirp disclosures of all of which are hereby incorporated by reference. 

The preparation of the compounds of Formula (II) and pharmaceutically 

1 5 acceptable salts tiiereof wherein Wi is -(CR4R5)-(CR6R7)s n is 0, R4 and R5 together 

are 0x0; or when one of R4 and R5 is H the other of R4 and R5 is OH ; or when R4 and 
R5 are both fludro substituents are disclosed in Gallagher et al.. Tetrahedron Letters. 
Vol. 30, No. 48, pp.6599-6602 (1989) die entire disclosure of which is hereby 
incorporated by reference. 

2 0 The preparation of all the remaining compounds of Formula (I) not 

already described above, including all the compounds of Formula (lA), can be carried 
out by one of skill in the art according to the procedures oudined in the Examples, 
ii2&|. 

All of the compounds of Formula (I) and (II) are usfule in the methods 

2 5 of tiie subject invention, i.e. methods of inhibiting the production of IL- 1 or TNF by 

niacrophages andAxr monocytes in a human in need thereof. 

All the compounds of Formula (Q, Formula (D), Formula (E), Formula 
(F) and Formula (G) are useful as intermediates in the preparation of the compounds of 
Fomnila (lA). The preparation of all the compounds of Formula (C), Formula (D), 

3 0 Formula (E), Formula (F) and Formula (G) can be carried out by one of skill in the an 

according to tiie procedures oudined in the Examples, infra. 

Pharmaceutically acceptable salts and their preparation are well known 
to those skilled in pharmaceuticals. Pharmaceutically acceptable salts of the compounds 
of Formula (I) or Formula (II) which are useful in the present invention include, but are 
3 5 not limited to» maleaie, fumarate, lactate, oxalate, meihanesulfonate, ethane-sulfonate, 
benzenesulfonate, tartrate, citrate, hydrochloride, hydrobromide, sulfate and phosphate 
salts. Preferred pharmaceutically acceptable salts of the compounds of Formula (I)or 
Formula (H) include hydrochloride and hydrobromide salts, and such salts can be 
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prepared by known techniques such as the method of Bender et aL, U.S. Patent 
4,175,127, the disclosure of which is hereby incorporated by reference. 

Preferred compounds of Fbnnula OA) indude those wherein: 

W is -CR5=CR7-, -N=CR7-. -S(0)ni- or -0-; 
5 one of Ri and Rq is 4-pyiidyl or C1.2 alkyl-4-pyridyl, provided diat 

when Ri is Ci_2 alkyl-4-pyridyl the alkyl substituent is located at the 2-position of the 
pyridine ring, and the other of Ri and Rq is 

(a) monosubstitated phmyl wherein said substituait is Ci_2 
alkylthio. C1.2 alkylsulfinyl, C2.3 1-alkenyl-l-thio, 2-propenyl-l-thio. 

^ ® 1-acyloxy-l-alkylthio, C1.2 alkoxy, halo; or 

(b) disubstituted phenyl wherein said substitutents are, 
independendy, Ci.2al]qrlthio or C1.2 alkoxy; or 

(c) disubstituted phenyl wherein one of said substituents is C1.2 
alkylsulfinyl, C2.3 1-alkenyl-l-thio, 2-propenyl-l-thio or 1-acyloxy-l- 

^ ^ alkylthio and the other is C1.2 alkoxy; or 

(d) disubstituted phenyl wherein the substituents are the same 
and are C1.2 alkylsulfinyl, C2.3 l-alkenyl-l-diio, 2-propenyl-l-tiiio or 

l-acyloxy-I-allqrlthio or wherein the substituents together form a 
methylene dioxy group; 

2 0 provided that- 

(1.) when W is -CR5=CR7- or -N=CR7- then 
nis 1; 

R3, R5, R7 and R9 axe -H; 

R2 and Rg togetiier represent a double bond in die B ring such that the 

^ ^ B ring is an aromatic pyridine or pyrimidine ring; and 

(2.) when Wis S(0)ni; 

misO, 1 or 2; 
nis 1 or 2; 

R3andR9are-H;and 
30 R2andRgare-H;tiien 

one of Ri or Rq is 4-pyridyl, and the odier of Ri and Rq is: 

(a) monosubstituted phenyl wherein said substituent is seleaed 
ftom C2.3 1-alkenyl-l-thio, 2-propenyl-l-diio or 1-acyloxy-l-alkyltiiio; 



35 



or 



(b) disubstituted phenyl wherein said substituents are C1.2 
alkylthio; or 
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(c) disubstituted phenyl wherein one of said substituents must be 
Ci.2 alkyltiiio, C1.2 alkylsulfinyl, C2-3 1-alkenyl-l-thio, 2-piopenyl- 
1-fliio or 1-acyloxy-l-alkylthio and the other is C1.2 alkoxy; and 
(3.)whenWisS(0)nj; 

5 mis(^ 

n is 1; and 

R2 and Rg toge&er represent a double bond in the B ring such that the 

B ring is an aipniatic thiazole ring; then 
R3 andRp are, -H; and 

1 0 (4.) when W is -O- then 

nisi; 

R3 and R9 arc -H; and 

R2 and Rg together represent a double bond in the B ring such that the 
B ring is an aromatic oxazole ring. 

1 5 The most preferred compound of Formula (lA) is 2-(4-methoxyphenyl)- 

3-(4-pyridyl>-imidazo[l,2-a]-pyiidine, 

Preferred compounds of Formula (I) include those wherein; 
Wi is -(CR4R5).(CR6R7>, -CR5=CR7-, or -8(0)^-; 

2 0 one of Rj and Rq is 4-pyridyl or C1.2 alkyl-4-pyridyl, provided that 

when Ri is C1.2 alkyl-4-pyridyl the alkyl substituent is located at the 2-position of the 
pyridine ring, and the other of Rj and Rq is: 

(a) monosubstituted phenyl wherein said substituent is C1.2 
, alkyltMo, C1.2 alkylsulfinyl, l-acyloxy-l-alIcyltMo,Ci.^ 

2 5 halo, or 

(b) disubstituted phenyl wherein said substitutents are, 
independently, C1.2 alkylthio or C1.2 alkoxy, or 

(c) disubstituted phenyl wherein one of said substituents is C1.2 
aUcylsulfinyl or 1-acyloxy-l-alkylthio and the other is C1.2 alkoxy, or 

3 0 (d) disubstituted phenyl wherein the substiments are the same 

and are C1-2 alkylsulfinyl or 1-acyloxy-l-alkylthio or 
wherein the substituents together form a methylene dioxy group; 

provided that 

(L) when Wi is -(CR4R5)-(CR6R7)- then 
3 5 n is 0 or 1; and 

R2» R3. R4. R5. R6» R?* R8» and R9 are -H; and 

when Rj or Rq is 4-pyridyl, the other of Rj and Rq is other tiian mono- 

C1.2 alkoxy-substituted phenyl or mono-halo-substituted phenyl; 



wo 91/00092 PCr/US90/03367 

-21- 

when n is 0, R4 and R5 together are 0x0; R4 and R5 may both be fluoro, 
or one of R4 and R5 is H and the other is OH; 
(2.) when Wj is -CR5=CR7- then 

nis 1; 

5 R3, R5, R7 and R9 are -H; and 

R2 and Rg togethar represent a double bond in the B ring such that the 

B ling is an aromatic pyridine ring; 
(3.) when Wi is S(0)ni then 

misO, lor2; 
10 nis lor 2; and 

R3andR9are-H; 

R2 and Rg are -H or R2 and Rg together represent a double bond in the 
B ring such that the B ring is an aromatic thiazole ring; 
further provided that: 

^ ^ (a) when R2 and Rg are -H and R^ or Rq is 4-pyridyl, then the 

other of Rj and Rq is other than mono-Ci.2 alkoxy-substituted 
phenyl or mono-halo-substituted phenyl; and 
(b) when R2 and Rg together represent a double bond m the B 
ring such that die B ring is an aromatic diiazole ring, then m is 0 

2 0 andnisl;and 
(4) when Wj is -O- tiien 

nis 1; 

R3 and R9 are -H; and 

R2 and Rg together represent a double bond in the B ring such tiiat die 

2 ^ B ring is an aromatic oxazole ring. 

Especially preferred compounds of Formula (I) having superior IL-1 
inhibiting activity include die following: 

2K4-mediyldiiophenyl)-3-(4-pyridyl).6J-dihydro-[5H]-pyrTolo- 
[l^-a]imidazole; 

2-(4-metiiylsulfinylphenyl)-3-(4-pyridyl)-6J-dihydro-[5H]-pyrrolo- 
[l»2"a]imidazole; 

2-(4.ediyldiiophenyI)-3-(4-pyridyl)-6,7"dihydro.[5H]-pyrrolo- 
[l,2-a]imidazole; 

2-(4-ediylsulfinylphenyl)-3-(4-pyridyl)-6,7-dihydio-[5H]-pyrrolo. 

3 5 [l^-a]imidazole; 

2-(4-mediylriiiophenyl)-3-(4-(2-mediyl)pyridyl>6,7-dihydro-[5H]. 
pyrrolo[ 1 ^-a]imida2ole; 
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2-(4-methylsulfinylphenyl).3-(4-(2-methyl)pyridyl)-6J-^ 
pynDlo[l^-a]imidazolc; 

2-(4-methoxyphenyl)-3-(4-pyridyl)-iimdazo[l^-a]-pyiid^ 
5-(3,4-(methylejiedioxy)phenyl)-6K4-pyridyl>2,3-dih 
5 [2,l-b]tfaiazole; 

2-(4-methoxyphenyl>3-(4-(2-methyl)pyridyl)-6J-dihydro-[5H]- 
pyirQlo-[l^-a]iimda2ole; 

2- ^4-acetoxymethylthiophenyl>3-(4-(2-methyl)pyridyl)-6J-d^ 
[5Hr|-pyrrolo[l^-a]iinidazole. 

1 0 2<trimethylacetyltMophenyl>3-(4-pyridyl)-6 J-dihyd^ 

[l^ajimidazole; 

: 6-(4-methylthiophenyl)-5-(4-pyiidyl)-23-dihydro-imidazc^ 
P,l-b]-thiazcfe 

5-(4-methylthiophenyl)-6-(4-pyridyl)-23-dihydro-iimda2x^ 
1 5 [2,l-b]-hiazole; 

3- (4-me%lthiophenyl)-2<4-pyridyl)-6J-dihydio-[5H]-pynDlo- 
[l,2-a]imida2ole; 

2-(4-propyltWophenyl)-3-(4-pyridyl)-6J-dihydio-[5H]-pyTO^ 
[l^-a]-imidazole; 

2 0 2-(4-me%ltWophenyl)-3-(4-(2-ethyl)pyridyl>6 J-dihydio-[5H]- 

pyrrolo-[l^-a]-imidazole; 

2-(4-Mercaptophenyl)-3-(4-pyridyl)-6J-dihydro-[5H]-pyiTol^ 
[l^-aj-imidazole disulfide; 

2-(4-Methoxyphenyl)-3-(4-pyridyl)-7-oxo-5,6-dihydro-[7H]-^ 

2 5 [l^-a]-iimdazole; 

5,6-dihydrcK2-(4-Methoxyphenyl>3-(4-pyridyl)-[7H]-pynDlo-[l,2-a^ 
irnidazole-7-ol; and 

5,6-dihydro-7J-difluoro-2-(4-Methoxyphenyl)-3-(4-pyridyl)-[7H^ 
pyirolo-[l^-a]-imidazole. 

30 

Preferred compounds useful in the method of inhibition of the 
production of TNFof ±e subject invention include diose compounds of Formula (U) 
wherein: 

Wi is -(CR4R5)-(CR6R7)-. -CRs-CRv-, or -S(0)ni-; 

3 5 one of Rj and Rq is 4-pyridyl or C1.2 alkyl-4-pyridyl, 

provided that when Rj is C1.2 alkyl-4-pyridyl die alkyl substituent is 
located at the 2-position of the pyridine ring, and the other of Ri and 
RQis 
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(a) monosubstituted phenyl wherein said substituent is C1.2 
alkylduo, C1.2 alkylsulfinyl, l-acyloxy-l-alkylthio, C1-2 alkoxy or 
halo, or 

(b) disubstituted phenyl wherein said subsdtutents are, 
independendy, C1.2 alkylfliio or C1.2 alkoxy, or 

(c) disubsdtuted phenyl wherein one of said substituents is 
C1.2 alkylsulfinyl or 1-acyloxy-l-alkyldiio and die other is C1.2 
alkoxy, or 

(d) disubstituted phenyl wherein the substituents are the same 
and are C1.2 alkylsulfinyl or 1-acyloxy-l-alkylthio or wherein die 
substiments together f omi a mediylene dioxy group; 

is -(CR4R5)-(CR6R7)- dien 
nisO; 

and R4 and R5 may together form an 0x0; R4 and R5 are both fluoro; or 
one of R4 and R5 is H and die odier OH; or 

(20 when Wi is -CR5=CR7- or -N=C3l7- dien 
nis 1; 

R3» ^^5* and R9 are, independendy, -H 
orCi.2alkyl;and 

R2 and Rg togetiier represent a double bond in die B ring such diat die 

B ling is an aromatic pyridine or pyrimidine ring; 
(3.) when is S(0)ni 

misO, 1 or 2; 
n is 1 or 2; and 

R3 and R9 are, independendy, -H or C1.2 alkyl; 

R2 and Rg are. independendy, -H or C1.2 alkyl or R2 and Rg 

togedier represent a double bond in die B ring such diat die B ring is 

an aromatic thiazole ring; 

further provided tiiat: 

(a) when R2 and Rg are, independendy, -H or C1.2 alkyl and 
Rl or Ro is 4-pyridyl, dien die other of Rj and Rq mono- 
fluoro-subsrituted phenyl; and 

(b) when R2 and Rg together represent a double bond in die B 
ring such that die B ring is an aromatic diiazole ring, tiien m is 
0 and nis l;and 

(4.) when W] is -O- then 



10 



provided that 
(L)whenWi 



15 
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n is 1; R3 and R9 are, independently, -H or C1.2 alkyl; and 
R2 and R3 together represent a double bond in the B ring such that the 
B ring is an aromatic oxazole ring; 
or a pharmaceudcally acceptable salt thereof. 

5 

Additional preferred compounds of Formula (H) are when 
(1.) when Wj is -(CR4R5).(C3l6R7)-; 

n is 0; and R2 and Rg are, independendy, -H or C1.2 
and Ri or Rq is 4-pyridyl or Cl-4alkyl-4-pyridyl, then the odier of 
10 Rj and Rq is a mono-Ci.3alkylthio, C1.3 alkylsulfinylphenyl or a 

naono-halo-subsrituted phenyl; 
(2) when WiisSCO)^; 

m is 0, 1 or 2; n is 1 or 2; and R2 and Rg are, independendy, -H or 
C1.2 alkyl and Rj or Rq is 4-pyridyl. tiien the other of Rj and Rq is 
15 other than mono-fluoro-subsrituted phenyL 

Especially preferred compounds for use in the method of the subject 
invention for inhibition of TNF production are 

2-Pheayl-3-pyiidyl-6,7-dihydro-[5H]-pyrrolo-[l,2-a]-imidazole; 
2-4-Bromophenyl-3-pyridyl-6,7-dihydro-[5H]-pynolo-[l,2-a]-imidazok^ 
20 2-(4-Me%ltiuophenyl>3-(4-pyridyl)-6,7-dihydro-[5H]-pyiiolo-[l^^^^ 
imidazole; 

2- (4-Fluorophenyl>3-(4-pyridyl)-6,7-dihydro-[5H]-pyrrolo-[l,2-a]- 
imidazole; 

3- (4-Fluorophenyl)-2-(4-pyridyl)-6,7-dihydro-[5H]-pyTTolo-[l,2-a]- 

2 5 imidazole; 

2-(4-Pyridyl)-3-(4-methylthiophenyl)-6,7-dihydro-[5H]-pyrrolo-[l>al- 
imidazole; 

2-(4-Methylthiophenyl)-3-[4-(2-methylpyridyl)]-6,7-dihydro-[5H|- 
pyiTolo[ 1 ,2-a]-imidazole; 

3 0 2-(4-Methoxyphenyl)-3-(4-pyridyl)-7-oxo-5,6-dihydro-7H-pyiTolo- 

[l,2-a]imidazole; 

5,6-Dihydro-2-(4-methoxyphenyl)-3-(4-pyridinyl)-[7H]-pyrrolo-[l,2-a]- 
imidazole-7-cd; 

2-(4-Acetoxymethylthiophenyl)-3-(4-pyridyl)-6.7-dihydro-[5H]-pyrrolo- 
3 5 tl,2-a]-imidazole; 

2"(4-Methoxyphenyl)-3-(4-pyridyl)-6,7-dihydK>-[5H]-pyrrolo- 
[l,2-a]imidazole; 

2-(4-Methylsulfoxyphenyl)"3-(4-pyridyl)-6,7-dihydro[5H]-pyrrolo- 
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[l^-a]iinidazoIe; 

2-(4-EthyhMophenyl)-3.(4.pyridyl>6,7-dihydr(>-[5H]-pyirolo-[U.a]- 
imidazole; or 

2-(4-Ethylsulfonylphenyl>3-(4.pyridyl)-67-dihydro-[5H].pynolo-[l>^ 
5 imidazole. 

Also found to possess inhibition of TNF production are the following 
confounds, which are useful in the process of using tiiis invention: 

6-(4-Ruoiophenyl).5-(4'-pyridyl)-23-dihydroiimda20.[2,l-b]thiazole-l- 

oxid^ 

1 0 6-(4-Huorophenyl)-5-(4-pyridyl).23-dihydroiimda2o[2,l-b]dua2ol6-l.l- 
dioxide; or 

5-(4-Huoiophenyl)-6-(4'-pyridyl)-2,3-dihydroimida20- 
[2,l-b]thiazole. 

Inteiieukin-1 (EL-l) has been demonstrated to mediate a variety of 
1 5 biologicalactiviuesthoughttobeimportantinimmunoregulationandother 

physiological conditions such as inflammation [See, e.g., DinarcUo et al.. Rev. Infect. 
Disease. 6, 51 (1984)]. TTie myriad of known biological activities of IL-1 include tiie 
activation of T he^er cells, induction of fever, stimulation of prostaglandin or 
collagenase production, neutrophil chemotaxis, induction of acute phase proteins and 
20 the suppression ofplasma iron levels. 

The discovery of a compound which specifically inhibits JL-1 
production will not only contribute to the understanding of how this molecule is 
syntiiesized, processed and secreted, but will also provide a therapeutic approach for 
diseases in which excessive or unregulated IL-1 production is impUcated. 
^ ^ ^^^^ ^en discovered that compounds of Formula (I) and Formula 

(ID and dieirphanmceutically acceptable salts tiaereof, are useful for inhibiting the 
production of IL-1 and TNF by monocytes and/or macrophages in a hmmn in need of 
such mhibition. It should be noted that the compounds of Fonnula (D and Formula (U) 
wheremRi or Rq is a phenyl substituted by a Ci.3alkylsulfinyl.C2.5 l-alkenyl-l- 
3 0 sulfinyl. or C2.5 2-alkenyl-l-sulfinyl group are prodrugs which are reductively 
converted in vivo to die corresponding alkylthio or alkenylthio form. 

There are several disease states in which excessive or unregulated IL-1 
production by monocytes and/or macrophages is implicated in exaceriiating and/or 
causing die disease. These include rheumatoid artiiritis [See. e.g.. Fontana suL 
3 5 Arthritis Rhenm 22. 49-53 (1982)]; osteoartiiritis [See. e.g.. Wood et al.. Arthriri. 
EIl£unL,26. 975 (1983)]; endotoxemia and/or toxic shock syndrome (See. e.g.. 
Dcejima and DinareUo, J. Leukocyte Riolpgy 32. 7 14 (1985)]; other acute or chronic 
mflammatory disease states such as the inflammatory reaction induced by endotoxin 
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[See, eg., Habicht and Beck, L Leukocyte Biolopv, 27, 709 (1985)]; and 
inflammato ry bowel disease [See, e.g^ Satsangi et aL, ain. Exp. Immunol.. £7, 594- 
605 (1987)]; other chronic inflammatory disease states such as tuberculosis. [See, 
e.g^ Chcsquc; et^ J. Leukocyte Biology. 22, 690 (1985)]; atherosclerosis [See, 
5 c,g^ Alhrightison et al„ J. Inmiunol.. 125, 1872-1877 (1985)]; muscle degeneration 
[See, e.g., Baracos et aL, N. Eng. L Med- 308. 553-558 (1983)]; and cachexia [See, 
e.g., Bcutler et aL, I Tpnmnpnl^^ 135. 3969-3971 (1985)]. Benjamin et al.. "Annual 
RqKJTts in Medicinal Chemistry - 20", Chapter 18, pages 173-183 (1985), Academic 
Press, Inc., disclose that excessive IL-1 production is implicated in: Psoriatic arthritis, 
1 0 Reitefs syndronae. Rheumatoid arthritis. Osteoarthritis, Gout, Traumatic arthritis. 
Rubella arthritis, and Acute synovitis. 

Dinarello, J. Clinical Immunology. 5 (5), 287-297 (1985), reviews tiie 
biological activities which have been attributed to IL-1 and such activities are 
summarized in Table A. It should be noted that some of these effects have been 

1 5 described by others as indirect effects of IL-1. 

Table A 

Biological Activities Attributed to II^l 

Fever (in rabbits, mice and rats) 
Hypoferremia 

2 0 Hypoancemia 

Hypercupremia 
Increased 

Blood neutrophils 

Hepatic acute-phase proteins 

2 5 Bone resorption 

Cartilage breakdown 
Muscle proteolysis 
Slow-wave sleep 
Endothelial procoagulant 

3 0 Chondrocyte proteases 

Synovial coUagenase 
Endothelial neutrophil adherence 
Neutrophil degranulation 
Neutrophil superoxide 
3 5 Interferon production 

Proliferation of 
Fibroblasts 
Glial cells 
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Table A 

Biological Activirie5; Attributed to TL-L conL 

Mesangial cells . 
Synovial fibroblasts 
EBVB^U lines 

Chemotaxis of 
Monocytes 
Neutrophils 
Lynq)hocytes 

Stimulation of PGE2 in 

Hypothalamus 
Cortex 

Skeletal muscle 
Dermal fibroblast 
Chondrocyte 
MacrophageAnonocyte 
Endothelium (PGI2) 
Decreased 

Hepatic albumin synthesis 
Appetite 

Brain binding of opioids 
Augmentation of 
T-cell responses 
B-cell responses 
NK activity 
IL-2 production 
Lymphokine production 



An effective, IL-1 production inhibiting amount of a compound of 
Formula (1) or aphaimaceutically acceptable salt tiiereof is useful in treating, 
prophylactically or therapeuticaUy, any disease state in a human which is exacerbated or 
caused by excessive or unregulated IL-1 production by such human's monocytes 
and/or macrophages. 

This invention relates to tiie use of a compound of Formula (I), or a 
phannaceutically acceptable salt thereof in the manufacture of a medicament for the 
treatment of prophylactically or therapeuticaUy, any disease state in a human which is 
exacerbated or caused by excessive or unregulated IL-1 or production by such human's 
monocytes and/or macrophages. 
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The discovery of a coirgxjund which specifically inhibits TNF 
production will not only contribute to the understanding of how this molecule is 
synthesized, processed and secreted, but will also provide a therapeutic approach for 
diseases in wMdi excessive or unregulated TNF production is inq)licated, 
5 ThCTe are several disease states in which excessive or unregulated TNF 

production by monocytes and/or macrophages is implicated in exacerbating and/or 
caxising the disease. These include mdotoxemia and/or toxic shock syndrome [See 
Tracey et aL, Nature 330:662-664 (1987); Badger et al., Grc. Shoclc 27:51-61 (1989) 
and IBnshaw et al., Ore, Shock 30:279-292 (1990)]; cachexia [See, Dezube et al., 
1 0 Lancet, 335 (8690):662 (1990)]; Adult Respiratory Distress Syndrome where TNF 

concentration in excess of 12,0(X) pg^ have been detected in pulmonay aspirates from 
ARDS patients. [See, Millar et aL, Lancet 2(8665):712-714 (1989). Systemic infusion 
of recombinant TNF resulted in changes typically seen in ARDS [See, Fcrrai-BaliviCTa 
et al., Arch, Surg. 124(12):1400-1405 (1989)]; AIDS viral replication of latent HIV in 

1 5 T-cell and niacrophage lines can be induced by TNF [See, Folks et aL, PNAS 

86:2365-2368 (1989)]. A molecular mechanism for the virus inducing activity is 
suggested by TNFs ability to activate a gene regulatory protein (NF-kB) found in the 
cytoplasm of cells, which promotes HIV replication through binding to a viral 
regulatory getie sequence (LTR) [See, Osbom et al., PNAS 86:2336-2340 (1989)]. 

2 0 TNF in AIDS associated cachexia is suggested by elevated serum TNF and high levels 

of spontaneous TNF production in periphCTal blood monocytes from patients [See, 
Wright et aL, X Immunol . 141(1):99-104 (1988)]. TNF in Bone Resorption Diseases, 
including arthritis, wherein it has been determined that when activated, leukocytes will 
produce a bone-reasorbing activity, and data suggests tiiat TNF-a and TNF-B bodi 

2 5 contribute to tiiis activity. [See e.g., Bertolini et al.. Nature 319:516-518 (1986) and 

Johnson et al., Endocrinology 124(3): 1424-1427(1989)] It has been determined tiiat 
TNF s timulat es bone resorption and inhibits bone formation in vitro and in vivo 
through stunulation of osteoclast formation and activation combined with inhibition of 
osteoblast function. Although TNF may be involved in may bone resorption disease. 

3 0 including arthritis, tiie most compelling link witii disease is tiie association between 

production of TNF by tumor or host tissues and malignancy associated hypercalcemia 
[See, Calci. Tissue Int. fUS^ 46(SuppL):S3.10 (1990)]. In Graft versus Host 
Reaction, increased serum TNF levels have been associated with major complication * 
following acute allogenic bone marrow transplants [See, Holler et al., Blood . 
3 5 75(4):101 1-1016(1990)]; cerebral malaria, which is a ledial hyperacute neurological 
syndrome associated with high blood levels of TNF and is the most severe 
conqjlication occuring in malaria patients. A form of experimental cerebral malaria 
(ECM) that reproduces some features of the human disease was prevented in mice by 
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adnrinistration of an and-TNF antibody. [See. Grau et al.. Imm. Review n>4Q.7n 
(1989)]. Levels of serum TNF conelated directly with the severity of diease and 
prognosis in patients with acute malaria attacks [See Grau et aL, N. Engl. J. Med. 
320(24):1586-1591 (1989)]. Another disease state in which TNF plays a role is the 
5 area of chronic Puhnonary Inflammatory Disease. The deposition of siUca particules 
leads to silicosis, a disease of progressive respiratory failure caused by a fihrotic 
reaction. Antibody to TNF compledy blocked the siKca-induced Iting fibiDsis in mice 
[See Piguet et aL. ^sss. 344:245-247 (1990)]. Hgh levels of TNF production (in 
the serum and in isolated macrophages) have been demonstrated in animal models of 
1 0 siKca and asbestos induced fibrosis (See Bissonnette et al., Inflammarion 13(3):329. 
339 (1989)]. Alveolar macrophages from pulmonary sarcoidosis patients have also 
been found to spontaneously release massive quantities of TNF as compared with 
macrophages &om normal donors [See Baughman et al.. J. Lab. Pin. MpH 115(1):36- 
42 (1990)].; TNF is also implicated in another acute disease state such as die 

1 5 inflammatory response which follows reperfiision. called Reperfiision Injury and is a 

major cause of tissue damage after loss of blood flow. (See, Vedder et al.. PNAS 
87:2643-2646 (1990)]; TNF also alters the properties of endothelial cells and has 
various pro-coagulant activities, such as producing an increase in tissue factor pro- 
coagulant activity and suppression of die anticoagulant protein C patiiway as weU ais 

2 0 down-regulating the expression of tiuombomodulin [See, Sheny et al., J.CellBiol. 

107:11269-1277 (1988)]. TNF also has pro-inflammatory activities which togedier 
widi its early production (during die intial stage of an inflammatoiy event) make it a 
likely mediator of tissue injury in several important disorders including but not limited 
to, myocardial infarction, stroke and circulatory shock. Of specific imponance may be 

2 5 TNF-induced expression of adhesion molecules, such as intercellular adhesion 

molucule QCAM) or endothelial leukocyte adhesion molecule (ELAM) on endotiieUal 
cells [See, Munro et al., Am. J. Path. 135(1): 121-132 (1989)]. 

TNF is also believed to be an important mediator of many other 
inflammatory states or diseases. Therefor, inhibitors of TNF production would hsve 

3 0 utility in any inflammatoiy state or disease in which abnomial levels of TNF are 

produced. Abnormal levels of TNF constinite levels of 1) free (not ceU bound) TNF, 
greater than or equal to 1 picogram per.ml; 2) any cell associated TNF; or 3) die 
presence of TNF mRNA above basal levels in ceUs or tissues in which TNF is 
produced. In addition, the present invention attributes many biological disease states 
3 5 noted herein to IL-1 activity. These disease states are also considered appropriate 

disease states of TNF activity and hence compounds of Formula (II) are also useful in 
tireir treamient as well, and should not be considered soley a limitation to IL-l activity 
alone. 
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An cfifectiye, TNF production inhibitihg amount of a compound of 
Fonnula (II) or a pharaiaceurically acceptable salt thereof is useful in treating, 
prophylactically or tfier^eutically, any disease state in a human which is exacerbated or 
caused by excessive or unregulated TNF production by such human's monocytes 
5 and/or nctacrophages. 

This invention relates to the use of a compound of Formula (II), or a 
phamiaceutically aocq)table salt thereof in the manuj&cture of a medicament for the 
treatment of prophylactically or ther^eutically, any disease state in a human which is 
exacerbated or caused by excessive or imregulated TNF production by such human's 
1 0 monocytes and/or macrophages. 

This invmtion further relates to a compound of Formula (U) for use as a 
naedicament in the treating, prophylactically or therapeutically, any disease state in a 
human which is exacerbated or caused by excessive or unregulated TNF production by 
such human's monocytes and/or macrophages. 

1 5 This invention also relates to a pharmaceutical composition comprising 

an effective, non-toxic amount of a compound of Formula (lA) and apharmaceutically 
acceptable carrier or diluent The compounds of Formula (I) or (II) are administered in 
conventional dosage forms prepared by combining a compound of Formula (I) or (U) 
in an amount sufBcient to produce IL-1 or TNF production inhibiting activity, 

2 0 respectively, widi standard pharmaceutical carriers according to conventional 

procedures. These procedures may involve nuxing, granulating and compressing or 
dissolving the ingredients as appropriate to the desired preparation. 

The pharmaceutical carrier employed may be, for example, either a solid 
or liquid. Exemplary of solid carriers are lactose, terra alba, sucrose, talc, gelatin, 

2 5 agar, pectin, acacia, magnesium stearate, stearic acid and the like. Exemplary of liquid 

carriers are syrup, peanut oil, olive oil, water and the like. Similarly, the carrier or 
diluOTt may include time delay material well known to the art, such as glyceryl 
monostearate or glyceryl distearate alone or with a wax. 

A wide variety of pharmaceutical forms can be employed. Thus, if a 

3 0 solid carrier is used, the preparation can be tableted, placed in a hard gelatin capsule in 

powder or pellet form or in the form of a troche or lozenge. The amount of solid carrier 
will vary widely but preferably will be from about 25 mg. to about 1 g. When a liquid 
carrier is used, the preparation will be in the form of a syrup, emulsion, soft gelatin 
capsule, sterile injectable liquid such as an ampule or nonaqueous liquid suspension. 
3 5 To obtain a stable water soluble dose form of an insoluble Formula (I) 

compound, apharmaceutically acceptable salt of the Formula (I) or (U) compound is 
dissolved in an aqueous solution of an organic or inorganic acid, such as a 0.3 M 
solution of succinic acid or, preferably, citric acid. 
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The method of the subject invention may be earned out by delivering 
the monokine activity interfering agent paremeraUy. The term 'parenteral' as used 
herem incUides intiavraous, intramuscular, subcutaneous intranasal, intrarectal, 
intravaginal or intraperitoneal administration. The subcutaneous and intramuscular 
5 forms of parenteral administration are generally preferred. Appropriate dosage forms 
for such administration may be prepared by conventional techniques. 

A suitable dose of any TNF production inhibiting compound of a 
compound of Formla (11) administered paienterally will preferably be from about 1 to 
about 100 mg per kilogram (kg) of total body weight, most preferably from about 5 to 
1 0 about 80 mg/kg per day. A suitable IH production inhibiting compound of Formula 
0) administered parenterally will preferably be from about 1 to about 100 mg per 
kilogram (kg) of total body weight, preferably from about 5 to about 80mg^g/day. 
Most preferably from about 3 to about 60 mg/kg per day. Preferably, each parenteral 
dosage unit will contain the active ingredient fi-e.. the compound of Formula (D or (11)] 
15 in an amount from about 50 mg. to about 500 mg. 

The compounds of Formula CD or Fonnula (H) may also be 
administered topically. Thus, the compounds of Formula (J) or Formula (H) may be 
administered topically in the treamient or prophylaxis of inflammatory topical disease 
states mediated or exacerbated by excessive IL-1 or TNF production, respectively, such 
20 as rheumatoid arthritis, rheumatoid spondylitis, osteoarthritis, gouty arthritis and otiier 
arthritic conditions, inflamed joints, eczema, psoriasis or other inflammatory skin 
conditions such as sunburn; inflammatory eye conditions including conjunctivitis; 
pyresis, pain and other conditions associated witii inflammation. 

The amount of a compound of Formula CO or Formula OD required 

2 5 for tiierapeutic effect on topical administration will, of course, vary witii die 

compound chosen, the nature and severity of the inflammatory condition and die 
animal undergoing treamient, and is ultimately at the discretion of die physician. A 
suitable dose for anti-inflammatory activity for a compound of Formula (1) is Img to 
lOOmg. A suitable dose of a compound of Formula CO) for anri-inflammatoiy activity 

3 0 is Img to lOOOmg. 

By topical administration is meant non-systemic administration and 
includes die appUcation of a compound of Formula (I) or (H) extcmaUy to die 
epidermis, to the buccal cavity and instillation of such a compound into die ear, eye and 
nose, and where die compound docs not significandy enter die blood stream. By 
3 5 systemic administration is meant oral, intravenous, inffaperitoneal and intramuscular 
admiiustration. 

A suitable dose of an IL-1 production inhibiting compound of 
Formula (1) is 15 mg to 500 mg of base for topical administration, die most preferred 
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dosage being 1 mg to 100 mg, for example, 5 to 25 mg administered two or three 
times daily. The daily topical dosage regimen will preferably be fiom about 2 mg to 
about 10 mg per site of administratioa 

A suitable dose of any TNF production inhibiting compound of 
5 Formula (II) is fiom about 1 mg to about 1000 mg of base for topical administration, 
the most preferred daily dosage being 15 mg to 500 mg, the single dosage range 
being about 5mg to 160 mg. The daily topical dosage regimen will preferably be two 
or three times daily. 

While it is possible for an active ingredient to be admiiustered alone as 
10 the raw chemical, it is preferable to present it as a pharmaceutical formulation. The 

active ingredient may conq)rise, for topical administration, fiom 0.001% to 10% w/w, 
e.g. fiom 1% to 2% by weight of die formulation although it may comprise as much as 
10% w/w but preferably not in excess of 5% w/w and more preferably fiom 0.1% to 
1 % w/w of the formulation. 

1 5 The topical formulations of the present invention comprise an active 

ingrediait together with one or more acceptable canierCs) therefor and optionally any 
other therapeutic ingredient(s)- The carrier(s) must be "acceptable' in the sense of being 
compatible with the other ingredients of the formulation and not deletaious to the 
ledpient tiiereof. The present invention also relates to a pharmaceutical composition 

2 0 comprising an effective amount of a compound of Formula (I) or Formula (II) in a 

pharmaceutically acceptable carrier or diluent with an effective amount of one or more 
a d d ition al agents having IL-1 inhibitory activity, TNF inhibitory activity, cycloogenase 
inhibitory activity or 5-lq)oxygenase inhibitory activity . 

Formulations suitable for topical administration include liquid or semi- 

2 5 liquid preparations suitable for penetration through the skin to the site of inflammation 

such as liniments, lotions, creams, ointments or pastes, and drops suitable for 
administration to the eye, ear or nose. 

Drops according to the present invention may comprise sterile aqueous 
or oily solutions or suspensions and may be prepared by dissolving the active 

3 0 ingredimt in a suitable aqueous solution of a bactericidal and/or fungicidal agent and/or 

any other suitable preservative, and preferably including a surface active agent The 
resulting solution may then be clarified by filtration, transferred to a suitable container 
which is dien sealed and sterilized by autoclaving or maintaining at 98-lOOOCfor half 
an hour. Alternatively, the solution may be sterilized by filtration and transferred to the 
3 5 container by an aseptic technique. Examples of bactericidal and fungicidal agents 
suitable for inclusion in the drops are phenylmercuric nitrate or acetate (0.002%), 
benzalkoniuna chloride (0.01%) and chlorhexidine acetate (0.01%). Suitable solvents 
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fOT the preparation of an oily solution include glycerol, diluted alcohol and propylene 
glycol. 

Lotions according to the present invention include those suitable for 
application to tiie skin or eye. An eye lotion may comprise a sterile aqueous solution 
5 optionaUy containing a bactericide and may be prepared by methods similar to tiiose for 
the preparation of dnjps. Lotions or liniments for application to tiie skin may also 
include an agent to hasten diying and to cool the skin, such as an alcohol or acetone, 
and/or a moisturizer such as glycerol or an oil such as castor oil or aiachis oil. 

Creams, ointments or pastes according to the present invention are semi- 
1 0 solid formulations of the active ingredient for external application. They may be made 
by mixing die active ingredient in finely-divided or powdered fonn, alone or in solution 
or suspension in an aqueous or non-aqueous fluid, witii the aid of suitable machinery, 
with a greasy or non-greasy basis. The basis may comprise hydrocarbons such as 
hard, soft or Uquid paraffin, glycerol, beeswax, a metallic soap; a mudlage; an oU of 

1 5 natural origin such as almond, com, arachis, castor or olive oil; wool fat or its 

derivatives, or a fatty add such as steric or oleic acid together wifli an alcohol such as 
prolylene glycol or macrogols. The formulation may incorporate any suitable surfece 
active agent such as an anionic, cationic or non-ionic sulfactant such as sorbitan esters 
orpolyoxyetiiylene derivatives thereof. Suspending agents such as natural gums, 

2 0 cdlulose derivatives or inorganic materials such as silicaceous silicas, and oflier 

ingredients such as lanolin, may also be included. 

The conqjounds of Formula (I) or (II) may also be administered by 
inhalation. By "inhalation" is meant intranasal and oral inhalation administration. 
Appropriate dosage forms for such administration, such as an aerosol formulation or 
25 a metered dose inhaler, may be prepared by conventional techniques. The piefened 
daily dosage amount of a compound of Formula (I) administered by inhalation is 
from about 1 mg to about 1000 mg per day, preferably fro about Img to about lOOmg 
per day. 

A suitable dose of any TNF production inhibiting compound of 

3 0 Formula (U) administered by inhalation is from about 1 mg to about 1000 mg per 

day. More preferably from about lOmg to about lOOmg per day. 

This invention also relates to a method of inhibiting the production of 
IL-1 by monocytes and/or macrophages in a human in need tiiereof which comprises 
administering an effective, IL-1 production inhibiting amount of a compound of 
3 5 Formula (1) or a pharmaceutically acceptable salt thereof to such human. A compound 
of Formula (I) or a pharmaceutically acceptable salt thereof can be administered to such 
human in a conventional dosage form prepared by combining a compound of Formula 
(I), or a pharmaceutically acceptable salt thereof, with a conventional pharmaceutically 
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acceptable carder or diluenl according to known techniques, such as those described 
above as well as those described in Adams etal» U.S.SJN. 255,816 filed October 11, 
1988 the disclosine of which is hereby incorporated by reference. It will be recognized 
by one of skill in die art tiiat the form and character of the phaimaceudcally acceptable 
5 carrier or diluent is dictated by the amount of active ingredient with which it is to be 
combined, the route of administration and other well-known variables. 

A compound of Formula CD or a pharmaceutically acceptable salt thereof 
is administered to a human in need of inhibition of IL-l production by its monocytes 
and/or macrophages in an amount sufficient to inhibit such excessive IL-l production to 
10 the extent that it is regulated down to normal levels. A compound of Formula (II) or a 
pharmaceuticany acceptable salt thereof is administered to a human in need of inhibition 
of TNF production by its monocytes and/or macrophages in an amount sufiicient to 
inhibit such excessive TNFproduction to the extent that it is regulated down to normal 
levels. 

1 5 -The route of administration may be oral, parenteral or topical The term 

parenteral as used herein includes intravenous, intramuscular, subcutaneous intranasal, 
intrarectal, intravaginal or intraperitoneal administration. The subcutaneous and 
intramuscular fbrros of parenteral administration are generally preferred. 

As stated above, the method of the subject invention may be carried out 

2 0 by delivering the compounds of Formula (I) or (II) orally. Appropriate dosage forms 

for such administration may be prepared by conventional techniques. A suitable dose of 
a conq)ound of Formula (I) or (II) for a daily oral dosage regimen will preferably be 
from about 1 to about 100 mg/kilogram of total body weight, more preferably from 
, about 5mg to 80mg/kg. 

2 5 The daily parenteral dosage regimen for a compound of Formula (I) or 

(n) willpreferably be from about 2 to about 80 mg per kilogram (kg) of total body 
weight, most preferably from about 3 to about 60 mg/kg. The daily topical dosage 
regimen for a compound of Formula CD or (II) will preferably be from about 2 mg to 
about 10 mg per site of administration. It will be recognized by one of skill in the an 

3 0 that the optimal quantity and spacing of individual dosages of a compound of Formula 

(I) or (n) or a pharmaceutically acceptable salt thereof will be determined by the nature 
and extent of the condition being treated, the form, route and site of administration, and 
the particular patient being treated, and that such optimums can be determined by 
conventional techniques. It will also be appreciated by one of skill in the ait that the 
3 5 optimal course of treatment, i.e., the number of doses of a compound of Formula (I) or 
a pharmaceutically acceptable salt thereof given per day for a defined number of days, 
can be ascertained by those skilled in the art using conventional course of treatment 
determination tests. 
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EXAMPTPS 

Without further elaboration, it is beheved that one skilled in the an can, 
Qsing the preceding description, utilize die present invention to its fullest extent The 
following Examples are, tiiercfore, to be construed as merely illustrative and not a 
5 limitation of die scope of die present invention in any way. 

PHARMArKimrAT , CQMPO?rnnN exampt 

EXAMPLE A - TAP SULE miUPOSmnM 

^ ^ ^ pharmaceutical cranposition of tiiis invention in die form of a capsule 

is prepared by filling a standard two-piece hard gelatin capsule widi 50 mg. of a 
compound of Formula (lA), in powdered form. 110 mg. of lactose. 32 mg. of talc and 
8 mg. of magnesium stearate. 

1 5 EXAMPLE B - INJECTART E PARENfTFRAL COMPOSmnN 

A pharmaceutical con^osition of diis invention in a form suitable for 
administration by injection is prepared by stining 1.5% by weight of a compound of 
Fomiula OA) in 10% by volume propylene glycol and water. The solution is sterilized 
by filtration. 



20 



25 



* 

EXAMPLE C - OTNTMPK fT COMPOSmnM 
Conapound of Formula (JA) 1.0 g 
White soft paraffin to 100.0 g 

The compound of Formula (lA) is dispersed in a small volume of die 
vehicle and diis dispersion is gradually incorporated into die bulk to produce a smoodi, 
homogeneous product which is filled into collapsible metal mbes. 



EXAMPLE n - TOPT CAL CREAM COMPOSmnN 

Confound of Formula (lA) 1.0 g 
3 0 Polawax GP 200 20.0 g 

Lanolin Anhydrous 2.0 g 

White Beeswax 2.5 g 

Mediyl hydroxybenzoate 0.1 g 

DistiUed Water to 100.0 g 
^ ^ The polawax, beeswax and lanolin are heated togedier at eO^C and 

added to a solution of mediyl hydroxybenzoate. Homogenization is achieved using 

high speed stirring and the temperature is allowed to fall to 50OC. The compound of 
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Formula (lA) is added and dispersed throughout, and the composidon is allowed to 
cool with slow speed stirring. 

EXAMPLE E - TOPICAL LOTION COMPOSITION 
5 Compound of Fonnula (lA) 1.0 g 
Soxbitan Monolaurate 0.6 g 
Polysorbate 20 0.6 g 
Cetosteaiyl Alcohol 12 g 
Glycerin 6.0 g 
1 0 Methyl Hydioxybenzoate 0.2 g 
Purified Water BJP. to 100.00 ml 

The methyl hydioxybenzoate and glycerin are dissolved in 70 ml of the 
water at TS^C The sorijitan monolaurate, polysortjate 20 and cetostearyl alcohol aie 
melted together at 75^C and added to the aqueous solution. The resulting emulsion is 

1 5 homogenized, allowed to cool with continuous stirring and the compound of Formula 

(lA) is added as a suspension in the remaining water. The whole suspension is stirred 
until homogenized. 

EXAMPLE F ^ EYE DROP COMPOSTTTON 

2 0 Compound of Formula (lA) 0.5 g 

Methyl Hydioxybenzoate 0.01 g 
Propyl Hydroxybenzoate 0.04 g 
Purified Water B.P. to 100.00 ml 

The methyl and propyl hydroxybenzoates are dissolved in 70 ml 

2 5 purified water at 75^C and the resultuig solution is allowed to cool. The compound of 

Formula (lA) is then added, and the solution is made up to 100 ml with purified water. 
The solution is sterilized by filtration through a membrane filter (0^ mu m pore size) 
and packed aseptically into suitable sterile containers. 

3 0 EXAMPLE G - COMPOSITION FOR ADMINISTRATION BY INH ALATTON 

For an aerosol container with a capacity of 15-20 
ml: Mbc 10 mg of a compound of Formula (lA) with 0.1-0.2% of a lubricating agent, 
such as Span 85 or oleic acid, and disperse such mixture in a propellant (c.a.), such as 
fieon, preferably a combination of fi^eon 1 14 and freon 12, and put into an appropriate 
3 5 aerosol container adapted for either intranasal or oral inhalation administration. 

EXAMPLE H - COMPOSITION FOR ADMINISTRATION BY INHALATTQN 



wo 91/00092 



PCr/US90/03367 



-37- 

For an aerosol container with a capacity of 15-20 ml: Dissolve 10 mg of 
a compound of Fbmaula (lA) in ethanol (6-8 ml), add 0.1-02% of a lubricating agent, 
such as Span 85 or oleic add, and disperse such in a propellant (ca.), such as freon, 
preferably a combintion of freon 144 and freon 12, and put into an appropriate aerosol 
container adapted for either intranasal or oral inhalation administradon. 

UnLITY EXAMPLES 



10 
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In Tables 1 and 
abbreviations are employed: 
ABBREyiATTON 
Compound 1 

Compound 2 

Compound 3 

Compound 4 

Compound 5 

Compound 6 

Compound 7 
Compound 8 
Compound 9 
Compound 10 
Compound 11 
Compound 12 
Compound 13 



2 of the following Utility Examples, the following 

FORMULA m CQMPOTTTsJn 

2-(4-methylthiophenyl)-3-(4-pyridyl)-6,7- 

dihydro-[5H]-pyrrolo-[l,2-a]-imida2ole. 

2-(4-methylsulfinylphenyl)-3-(4-pyridyl)-6,7- 

dihydro-[5H]-pym)lo-[l,2-a]-imida2ole. 

2-(4-ethylthiophenyl)-3-(4-pyridyl)-6,7-dihydro- 

5H]-pyirolo-[l,2-a]-imidazole. 

2-(4-ethylsumnyIphenyl).3-(4-pyridyl)-6,7- 

dihydro-5H]-pyrrolo-[l,2-a]-imidazole. 

2-(4-methylthiophenyl)-3-(4-(2-methyl)pyridyl)- 

6,7-dihydro-[5H]-pyiTolo-[l,2-a]-imidazole. 

2-(4-methylsulfinylphenyl)-3-(4-(2-methyl)- 

pyridyl)-6,7-dihydro-[5H]-pyirolo-[l,2-a]- 

imidazole. 

2-(4-methoxyphenyl>3-(4-pyridyl)- 
imidazo-[ 1 ,2-a] -pyridine. 

5- (3,4-(methylenedioxy)phenyl)-6-(4-pyridyl)- 
2,3-dihydroimidazo-[2,l-b]-thia2ole. 
2-(4-methoxyphenyl).3-(4-(2-methyl)pyridyl)- 
6,7-dihydro-[5H]-pyrrolo-[l,2-a]-imida2ole. 

2- (4-acetoxymethyIthiophenyl)-3-(4.pyridyl)- 
6,7-dihydro-[5H]-pyirolo-[l,2-a]-imidazole. 

6- (4-methylthiophenyl)-5-(4-pyridyl)-2,3- 
dihydro-imida20-[2,l-b]-thiazole. 
5-(4-methylthiophenyl)-6-(4-pyridyl)-2,3- 
dihydro-imidazo-[2, 1 -b] -thiazole. 

3- (4-methylthiophenyl)-2-(4-pyridyl)-6,7- 
dihydro-[5H]-pyrrolo-[l,2-a]-imidazole. 
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Compound 14 2-(4-propylthiophenyl)-3-(4-pyridyl>-6,7- 

dihydn>-[5H]-pyirolo- [ 1 ^-a]-iniidazole. 
Conapoiind 15 2-(4-methyltiuophenyl>3-(4-(2-ethyl)pyridyl> 

6,7-dihydrc>-[5H]-pym)lo-[l ^-aj-iinidazole. 

EXAMPLEA 
Inhibitory Effect of conopounds of Fonnula (I) on 
in vitiD IL- 1 Production by Human Monocytes 

1 0 The effects of compounds of Formula (I) on the in vitro production of IL-1 

by human monocytes was examined using the following protocoL 

Bacterial lipopolysaccharide (LPS) was used to induce IL-1 production by 
human periphexal blood monocytes. IL-1 activity was measured by its ability to 
stimulate a Interieukin 2 (IL-2) producing cell line (EL-4) to secrete IL-2, in concert 

1 5 with A231 87 ionophore, according to the method of Simon et al.. J. Immunol, 

Methods, M» 85» (1985). Human peripheral blood monocytes were isolated and 
purified from either fresh blood preparations from volunteer donors, or from blood 
bank buffy coats, according to the procedure of Colotta et ah. J. Immunol.. 132. 936 
(1984). 1 X 106 of such monocytes were plated in 24-well plates at a concentration of 

2 0 1-2 million/ml per well The cells were allowed to adhere for 2 hours, after which time 

non-adherent cells were removed by gentle washing. Test compounds were then added 
to the cells for 1 hour (hr) before the addition of lipopolysaccharide (50 ngtol), and the 
cultures were incubated at 370C for an additional 24 hours. At the end of the 
incubation period, culture supematants were removed and clarified of cells and all 

2 5 debris. Culture supematants were inimediately assayed for IL-1 biological activity in 

the manner described above, as well as for prostaglandin and/or leukotriene 
concentrations by radioimmunoassay. 

The results indicated that human paipheral blood monocytes are exquisitely 
sensitive to bacterial endotoxin. Nanogram or even picogram quantities of LPS 

3 0 stimulated high levels of IL-1 production as well as prostaglandin production; however, 

litde, if any, leukotriene was detected in such supematants. These observations are 
consistent widi previous repons [(See, Humes et al., J. Biol. Chem,. 257. 1591 
(1982)]. 

The results of the effects of compounds of Formula (I) on the in vitro 
3 5 IL-1 production by human monocytes is reported in Table 1. As shown in Table 1, 
compounds of Formula (I), other than those compounds wherein R is a sulfinyl 
derivative, are potent inhibitors of in vitro IL-1 production by human monocytes. As 
shoAvn in Table 1, the sulfinyl derivatives are not active in the in vitro assay. In fact. 
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the sulfinyl derivatives of Formula (D possess no knoWn biological activity in any in 
JdfiB assay. However, the sulfinyl derivatives function as prodrugs to dieir 
corresponding sulfide, Le., they function in vivo to inhibit the production of IL-1 
because they are metabolized so that they are reductively converted, in jovs. to their 
conesponding biologically active alkylthio or alkenylthio form. Proofof this in vivo 
conversion of the sulfinyl derivatives to a biologically active form is indicated by die 
antiinflammatoiy activity of the sulfinyl compounds in the in^dvQ assay described in 
Table 2. 
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TABLEl 

EFFECT OF COMPOUNDS OF FORMULA (I) ON LPS-STIMULATED IL-1 
PRODUCTION BY HUMAN MONOCYIESb 



5 


COMPOUND NUMBER 


IC5ofuM) 




1 


2 0 




2 






3 


2 0 




4 


NA 


10 


5 


2 7 




6 






7 






8 


10.0 




9 


0.7 


15 


10 


6.3 




11 


1.8 




12 


1.8 




13 


2.0 




14 


>10.0 


20 


15 


1.3 



^ NA means hot active 

b E^l activity was assayed as described above, Le., by culturing EL4 cells witii 
2 5 dilutions of supernatant fixnn monocytes and subsequently culturing EL4 supematants 
on a iL-2 dependent cell line. 
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TABLE2 

ANTIINFLAMMATORY ACnVlTY OF IHE SULFINYL 
DERIVATTVES OF FORMULA (T) 

CX>MPOUND NUMBER PERCENT INHmmON OF 
(50 mg/kg P.O.) ARACHIDONIC ACID-INDUCED 
MOUSE EAR SWELLTNfia 



1 56***b 

10 

3 56*** 

4 41*** 

5 59*** 

6 59*** 



a Mouse ear edema was measured as described in Griswold sLaL, Inflammation . 
11(2), 189-199 (1987), the disclosure of which is hereby incorporated by reference, 
b *** indicates statistical significance at a p less than 0.001 



The exact mechanism by which any compound of Formula (I) inhibits ia 
vjlffi lL-1 production by monocytes is not presendy known. 

The data in Table 1 show that compounds of Formula (I) inhibit DL-l 
production by human monocytes in viS2- This inhibitory activity does not seem to 
correlate with the property of any of tiie compounds of Formula (1) in mediating 

2 5 arachidonic acid metaboUsm inhibition since other nonsteroidal antiinflammatory drugs 

with potent cyclooxygenase and/or lipoxygenase inhibitory activity do not inhibit IL-1 
production at nontoxic doses. Furthermore, the ability of a compound to inhibit 
production of prostaglandin and/or leukotriene syntiiesis does not mean that it will 
necessarily also inhibit IL-1 production. 
^ ^ Based on die widely held belief of die role of unmodulated (i.e., 

excessive) in vivo IH production in causing or aggravating inflammatory responses 
and other disease states (see, e.g., Fontana etaL supra; Wood et al.. supra; Akejima 
and Dinarello, supra; Habicht and Beck, supra; Chesque et aL, supra; Benjamin et al.. 
supra; and DinareUo, supra), and based on die fact that compounds of Formula (I) 

3 5 inhibit in vifro IL-1 production by human macrophages and/or monocytes (see. Table 

1), or are convened invivQ to their biologically active form (see. Table 2), all 
compounds of Foroiula (I) will inhibit die in vivQ IL-1 production by monocytes and/or 
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macrophages in a human in need thereof when used according to the method of the 
subject invention. 

The inhibitory action of IL-1 activity has not been found to correlate 
with arachidonic acid metabolism^for the compounds of Formula (I). This further 
substantiates the unpredictable nature of the compounds of Formula Q) for possesing 
ddierlL-L 

In Table 3 the following additional compound abbreviations erriployed 



are: 



10 



15 



20 



25 



30 



Compound 16 
Compound 17 
Compound 18 
Compound 19 
Compound 20 
Compound 21 

Compound 22 
Compound 23 

Compound 24 
Compound 25 
Compound 26 
Compound 27 



2-[Trimethylacetyl(thiophenyl)]-3-(4.pyridyl)- 

6,7-dihydro[5H]pyrrolo-[l^-a]-imidazole. 

2-(4-(2-Propoxy)phenyl)-3-(4-pyridyl)-6,7- 

dihydro-[5H]-pyrrolo-[i;2-a]-imidazole. 

2-(4-(l-Etiioxy)phenyl)-3-(4-pyridyl)-6,7- 

dihydro[5H]pyrrolo-[l^-a]-imidazole. 

2-(4-(l-Propoxy)phenyl>3.(4.pyTidyl>6,7- 

dihydro[5H]pyrrolo-[l^-a]-imidazole. 

2-(Acetyl-tiiio-phenyl)-3-(4-pyridyl)-6.7- 

dihydro[5Hl-pyTrolo-[l^-a]-itmdazole. 

2-(4-Methoxyphenyl)-3-(4-pyTidyl> 

6,7-dihydro-[5H]-pyrrolO"[l^-a]-N- 

methylimidazole, monomethylsulfate. 

2-Phenyl-3-(4-pyridyl)-6J-dihydro-[5H]- 

pyTrolo-[l^-a]imidazole. 

2-(4-Men:aptophenyl)-3"(4-pyridyl)-6,7- 

dihydTo-[5H]-pyTroIo-[l,2-al-imidazole 

disulfide. 

2-(4-Methoxyphenyl)-3-(4-pyridyl)-6,7-dihydro- 
[5H]-pyrrolo-[l^-a]-imida2ole. 

6-(4-Methoxyphenyl)-5-(4-pyridyl)-2,3- 
dihydroimidazo-[2,l-b]"thiazole. 

5-(4-Methoxyphenyl)"6-(4-pyridyl)-2,3- 
dihydroimidazole-[2,l-b]-thia2ole. 
2-(4-Bromophenyl)-3-(4-pyridyl)-6,7-dihydro- 
[5H]-pyrrolo-[l^-a]-imida2ole. 
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TABLE3 

Inhibition of TL-1 nmducrion hv T.P S sriirmlafftH monocytes in vitm 
ConTOOund 

Nppibgr IC5 0 (nM) 

5 



16 


NA 


17 


NA 


18 


10 


19 


NA 


20 


NA 


21 


NA 


22 


0.5 


23 


5.9 


24 


0.1 


25 


3.0 


26 


>10 


27 


0.7 



NA =essentially considered not active at 10 mM 



UTILITY EXAMPLE FOR INHBmON OF THE PRODUCTION OF TNF 

EXAMPLE A 

Two models of endotoxin shock have been utilized to determine in vivo TNF 

2 5 activity and are described below. The actual protocol used in the models is described in 

UtiUty Model Examples A and B set out below, i.e. P. acnes model and LPS-GAL 
model Li these models protection fiom the lethal effects of endotoxin shock is 
provided by the conqjound 2-(4-methyl-sulfoxyphenyl)-3-(4-pyridyl)-6,7- 
dihydio[5H]-pynolo-[l,2-a]-imidazole (herein called Compound A). The data in 

3 0 Hgures 1-5 clearly demonstrates the ability of Compound 1 to reduce die jn vivo level 

of tumor necrosis factor (TNF). 

Confound 1 shows a reduction in serum TNF levels in the P acnes/LPS treated 
mice model as depicted by the data shown in Figure 1, which demonstrates decreased 
levels of in vivo TNF relative to increased oral dosage of Compound A. Hgure 2 
3 5 demonstrates inhibition of TNF production, also in the P. acnes/LPS Model for 
Compound A.. 

Figure 3 shows a reduction of semm TNF levels at 100 mg/kg for Compound 
A in die LPS-GAL Model. Figure 4 demonstrates 100% survival rate of the animals 
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wilh cndotoxic shodc in AeLPS-GAL model after treatment with Compound A 
conq)ared to only a 30% survival rate of the animals in the control group. 

It has also been determined, using one or both of the in vivo assays described 
herein, that 2.(4-Etfiylsulfinylphenyl>3-(4.pyridyl)-6J-dihydro.[5H].p^^ 
5 a]-imida2»le,2-(4-mediyltMophenyl)-3-[4-(2.methylpyridyl)]-^^^ 
pyirolo-[l,2-a]-imidazole, and 6-(4-Huorophenyl)-5-(4-pyiidyl)-23- 
dihydrQimidazo[2,l-b]thiazole-l,l-dioxide also inhibited in vivo TNF levels as well 
as protected the animals from endotoxic induced shock. 

The data shown herein demonstrate that the compounds of the present 

1 0 invention inhibit TNF production in a mammal. Therefore, the compounds of the 

present invention are useful as monokine activity interfering agents, e.g. tfiey are useful 
in inhibiting the production of mmor necrosis factor (TNF) by monocytes or 
macrophages in a human. 

imLITY EXAMPLE MQDET . 
15 Endotoxin S hock in D-f al-Sensirized Mice 

The protocol used to test the compound of the method of the subject invention 
was essentially as has been described in Galanos et al., Proc. Naf 1 Acad. Sci US A - 
2^:5939-43 (1979) whose disclosure is herein incorporated by reference. Briefly, 
D-gal (D(+) Galactosidase) sensitizes various strains of mice to the lethal effects of 

2 0 endotoxin. The administration of D-gal (300-500mg/kg) intra-venously (Lv.) 

sensitizes die mice to doses of Lipopolysaccharide(LPS ) as low as O.lmg. Briefly, 
male GSTBIVdmice, obtained from Charles River Laboratories (Stone Ridge, New 
York, USA) of 6-12 weeks of age were injeaed i.v. with 0.1 mg of LPS from 
galnypn^lla typliosa (Difco Laboratories, Detroit, Michigan, USA) admixed with D(+)- 
25 gal (Sigma; 500 mg/kg) in 020-0.25 ml pyrogen-free saline. Compounds to be tested 
were administered at various times prior to or following die Lv. injection of LPS/D-gal. 
In this model, tiie control animals usually die 5-6 hr. following the injection of LPS, 
although on occasion deaths are seen between 24 and 48 hr. 

UTILITY MODEL EXAMPLE B 

3 0 Endotoxin Shock in P. acnes-Sensitized Mice 

This model is a modification of the previously described protocol for the in vivo 
induction of TNF as described in Haranaka et al.. Cancer Immunol Immunother. 
lS:87-90, (1984). Treatment widi Proprionibacterium Acnes fP. acnes^ (Img/arrimal 
i.p.) renders mice susceptible to die letiial effects of LPS injected 10 days later. 
3 5 P> acne^ was purchased from Burroughs Wellcome (Triangle Park, North 

Carolina, USA), and 1 microgram (ug)of die heat-killed bacteria was administered in 
0.5 ml pyrogen-free saline by intraperitoneal (i.p.) injection to male C57BL/6 mice, 
obtained frorn Charles River Laboratories (Stone Ridge, New York, USA) of 6-12 
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weeks of age. Ten days later, the mice were injected i.v. with 1 mg LPS in 0.25 ml 
saline. Conqxjunds to be tested were administered at various times prior to ot 
following the injection of LPS. The survival of animals was monitored for 1 week. 
Measurement of TNF Acrivity 

5 Plasma levels of TNF were measured using a modification of the basic 

sandwich EUSA method described in Winston et aL, Cunent Protocols in Mnlftnnlar 
P>9^<?gY. Pg- 11-2.1. Ansubel et al., Ed. (1987) John Wiley and Sons, New York , 
USA. The Elisa employed a hampster monoclonal anti-mouse TNF (Gen^e, 
Boston, MA, USA ) as die capture antibody and a polyclonal rabbit anti-murine TNF 

1 0 (Genzyme, Boston, MA, USA ) as the detecting antibody. TNF levels in rat samples 
were calculated ftom a standard curve genereated with recombinant murine TNF 
(Genzyme, Boston, MA , USA). TNF levels determined by EUSA correlated with 
levels detected by the L929 bioassay of Ruff cL aL. J. Immunol. 125 :1 fi71-1 fni 
(1980), with 1 Unit of activity in the bioassay corresponding to 70 picograras (pg) of 

1 5 TNF in the EUSA. The EUSA detected levels of TNF down to 25 pg/ml. 
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ABBREVIATrnN 
CQnqx}und A 



Compound B 



1 0 Compound C 
Compound D 



UTILITY FXAMPTP.^ 

In the foUowing Table B of the UtiHty Examples, the Mowing 
abhreviarions are en5)Ioyed: 

FORMULA m rOMPHTThJnQ 
2"(4-Methylsulfinylphenyl)3-(4. 
pyridyl)-6,7-dihydro[5H].pyirolo- 
[l,2-a]imidazole; 

2-(4-methylthiophenyl)-3-(4-pyridyl)-6,7- 
dihydro-[5Hl*pyrrolo[l^-a]- imidazole; 
2-phenyl-3-pyridyl-6,7-dihydn>- 
[5H]-pynx)lo[l,2-a]imidazole; 
2-p-bromophenyl-3-pyridyl-6,7- 
dihydro-[5H]-pyiToIo-[i;2-a]-imidazole; 
2-(4-Methoxyphenyl)-3-(4-pyridyl)- 
7-oxo-5,6-dihydro-7-H-pyiTDlo- 
[l,2-a]imidazole; 

5.6- dihydix>-2-(4-methoxyphenyl)- 
3"(4-pyridinyl)-[7H]-pyiroIo[l,2-a]- 
imidazoIe-7-ol; 

2-(4-Acetoxymethylthiophenyl)-3- 
(4-pyridyl)-6,7-dihydro[5II|pyrTolo- 
[l,2-a]-imidazole; 

2-(4-Medioxyphenyl)-3-(4-pyridyl> 

6.7- dihydro-[5H]-pynolo- 
[l,2-a]imidazole; 

6-(4-Fluorophenyl)-5-(4-pyridyl)- 
2,3-dihydroimida2o[2,l-b]thia2oIe-l- 
oxide; 

6-(4-Fluorophenyl)-5-(4-pyridyl)-2,3- 
dihydroimidazo[2,l-b]thiazole-l,l-dioxide; 
2-(4-Ethylsulfinylphenyl)-3-(4-pyridyl)-6,7- 
dihydro[5H]pyrTolo-[l ,2-a]-imida2ole; 
2-(4.Methylthiophenyl)-3-[4-(2-methyl- 
pyTidyl)]-6,7-dlhydro[5Hlpyirolo- 
[l,2-a]imida2ole. 

2-(4-Flurorophenyl).3-(4-pyridyl)-6,7- 
dihydro-[5H]-pyrroIo-[l,2-a]-imidazole. 



CompoundE 



Con5>oundF 



2 0 Compound G 



Compound H 

Compound I 

Compound J 
Compound K 
Compound L 

CcmpoundM 
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Compound N 3-(4-HHioiophenyl)-2-(4-pyridyl)-6.7- 

dihydro-[5H]-pyrrolo-[i;2-a]-imidazole. 
EXAMPIJR A 

LlhiMtorv Effect of Comnonnrlg on in vitm TM P Producrinn hv Human Mnnfvr>^j^ 

The effects of the compounds enumerated above on die in vitto production of 
TNF by human monocytes was examined using the foUowing protocol. 

Bacterial lipopolysaccharide (LPS) was used to induce TNF production by 
human peripheral blood monocytes. TNF activity was measured by a modification of 
Wmston et aL, EUSA. described below. Human peripheral blood monocytes were 
isolated and purified firon either fiesh blood preparations fiom volunteer donors, ftom 
blood bank buffy coats, or fiom plateletpheresis residues according to the pixxjedure of 
Colotta etM^ I Immunol., m 936 (1984). 1 X 106 of such monocytes were plated 
in 24-weU plates at a concenttation of 1-2 miUionyinl per well. The cells were allowed 
to adhere for 2 hours, after which time non-adherent cells were removed by gentie 

1 5 washing. Test compounds were then added to the ceUs for 1 hour (hr) before die 

addition of LPS (50 ng/ml), and the cultures were incubated at dl^C for an additional 
24 hours. At the end of die incubation period, cultore supematants were removed and 
clarified of ceUs and all debris. Culture supematants were immediately assayed for 
TNF levels in die manner described below. 
20 MEASTTRFMENT OF HUMAN TISTF- 

Levels of TNF were mesured using a modification of die basic sandwich 
ELISA assay metiiod described in Winston et al., Cuirent Pmtncnls in Moleailar 
Biology, Page 11.2.1, Ausubel et al., Ed. (1987) John Wiley and Sons, New York, 
USA The Elisa employes a murine monoclonal anti-human TNF antibody, described 

2 5 below, as die capture antibody and a polyclonal rabbit anti-human TNF , described 

below, as die second antibody. For detection, a peroxidase-conjgated goat anti-rabbit 
antibody (Boehringer Mannheim, Indianopolis, Indiana, USA, Catalog # 605222) was 
added followed by a substrate for peroxidase (Img/ml ordiophenylenediamine witii 
0.1% urea peroxide). TNF levels in samples were calculated fiom a standard curve 

3 0 genereated witii recombinant human TNF produced in E. Coli (obtained fiom 

SmidiKline Beecham Pharmaceuticals, King of Prussisa, PA, USA). 
PRODurnnM of a nti-hiiman tnf ANrmnnTPt;. 

Monoclonal antibodies to human TNF were prepared from spleens of 
BALB/c mice immunized witii recombinant human TNF using a modification of die 
mediod of Kohler and Millstein, Hatum256:495 (1975), die entire disclosure of which 
is hereby incorporated by reference. Polyclonal rabbit anti-human TNF antibodies 
were prepared by repeated immunization of New Zeland White (NZW) rabbits witii 
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recombinant human TNF emulsified in complete Freund's adjuvant (DIFCO, IL., 
USA). 

The results indicated that human peripheral blood monocytes arc exquisitely 
sensitive to bacterial endotoxin. Nanogram or even picogram quanddes of LPS 
5 stimulated high levels of TNF production as well as for IL-1 production. 

The results of the effects of conq)ounds on the in vitro TNF production by 
human monocytes are reported in Table B. The compounds wherem the phenyl 
substituent group of the pyTrolo{2,l-b] imidazoles and die dihydroimidazo [2,1-a] 
thiazoles of the present invention are not a sulfinyl derivatives, arc potrat inhibitors of 
10 in vitro TNF production by human monocytes. The compounds wherein the 

substiiuent is a sulfinyl derivatives arc not active in the in vitro assay. However, the 
sulfinyl derivatives function as prodrugs to their corresponding sulfide, i.e., they 
fimction in vivo to inhibit the production of TNF, because they arc metabolized so 
diat they arc reductively converted, in vivo, to their corresponding biologically active 

1 5 alkyltfaio or alkenylthio form. Proof of this in vivo conversion of the sulfinyl 

derivatives to a biologically active form is indicated by the in vivo activity of the 
sulfinyl compounds in the in vivo assay described in Utility Models Examples A and 
B for Compound 2. The conversion of the sulfinyl/sulfoxy pro-drug derivatives to 
their active sulfinyl stracutrc also holds true for IL-1 activity and is shown herem. 

2 0 The results of die compounds of Formula (II) on die in vitro TNF production 

by hunaan monocytes arc rcported in Table B. In Table B, NA = not active. 

TABLEB 

LPS induced TNF Human Monocvte data 



Compound No. 




A (Sulfinyl derivative) 


NA 


B (Thio derivative) 


1.0 


C 


0.8 


D 


1.0 


E 


1.0 


F 


1.0 


G 


3.0 


H 


0.5 


I 


0.2 


J 


9.0 


K 


7.0 


L 


7.0 


M 


0.2 
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S YNTHRSTS EXAMPT P?; 
As mare elaborately described herein, aU of the componnds of Formulas 
(C), (D). (E), (F) and (G) are useful as intermediates in the preparation of the 
compounds of Formula (lA). Additionally, as more elaborately described herein, while 
5 all of die compounds of Formula (lA) arc useful in the method of the subject invention, 
some of the compounds of Formula (lA) are also useful as intermediates for preparation 
other compounds of Formula (lA). 
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As used herein in the Synthesis Examples, the term "Formula (A)" 
refers to a compound of the formula: 



o 



X 

FORMULA (A) 

wherein: 



^ chosen from a group consisting of mono or disubstimted phenyl, 
15 4-pyridylandmono-Ci^alkyl-substitoted-4-pyridyl;and 
Xi is a halogen such as CI or Br. 

As used herein in the Synthesis Examples, the term Tormula (B)" 
refers to a conipound of die formula: 



FORMULA (B) 



wherein: 



W is -(CR4R5).(CR6R7)., -(NR4XCR6R7)-, 8(0)^ or O; 
m is 0; and 

^5 n is 1 or 2; 

provided that: 

(A) when W is -(CR4R5)-(CR6R7)- or -(NR4XCR6R7)- and n is 1; R2. Rg and R4, 
Re together represent two C=C bonds to form an aromatic pyridine ring 
or an aromatic pyrimidine ring; R3, R5, R7 and R9 are H or one or 
more of R3, R5, R7 and R9 are independentiy selected from H or C1.2 
alkyl; 
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(B) when W is S(0)ni or O, m is 0 and n is 1; R3 and R9 are H OT one or more of R3 
and R9 are indq)endently selected from H or C1.2 R2» fonns 
a C=C bond in an aromatic thiazole or oxazole ring; or 

(Q when W is SiO)^, m is 0, and n is 1 or 2; R2, R3, Rg and R9 are H or one or 
5 more of R2, R3, Rg and R9 arc independendy selected from H or C1.2 

alkyl. 

As used herein in the Synthesis Examples, the term 'Tormula (lb)" 
refers to a corq)ound of the formula: 

R2-/— (C)n— Rfi 

r 



10 R/ 

FORMULA Ob) 

wherein: 

W2 is -(CR4R5HCR6R7K -(NR4XCR6R7)-, S(0)ni or O; 
misO, 

15 nisi or 2; and 

One of Rj or Rq is 4-pyiidyl and the other is selected from: 

(a) monosubstituted phenyl wherein said substituent is 
selected from C1.3 alkylthio, C1.2 alkoxy, halo, H, or Ci^ alkyl; or 

(b) disubstituted phenyl wherein said substitotents are 
2 0 independendy selected from C1.3 alkylthio, Ci-2 alkoxy, halo, C1-4 alkyl, or the 

disubstituents togedier form a methylene dioxy group; 
provided that: 

(A) when W2 is -(CR4R5HCR6R7)- or -Q^yiCR^Rj)- andn is 1; 
R2t Rg and R4, R5 together represent two C=C bonds to form an aromatic 

2 5 pyridine ring or an aromatic pyrimidine ring; R3, R5, R7 and R9 are H or one 

or more of R3, R5, R7 and R9 are independendy selected from H or C1.2 
alkyl; or 

(B) when W2 is 8(0)^, m is 0, and n is 1 or 2; R2, R3, Rg and R9 are 
H or one or more of R2, R3, Rg and R9 are independendy selected from H or 

3 0 C1.2 alkyl; or 

(C) when W2 is S(0)ni or 0, m is 0 and n is 1; R3 and R9 are H or one 
or more of R3 and R9 are independendy selected from H or C1.2 alkyl; R2, Rg 
forms a C=C bond in an aromatic thiazole or oxazole ring. 



wo 91/00092 



PCrAJS90/03367 



-51- 

As used herein in the Synthesis Examples, the teim 'Tormula (Ic)" 
refers to a confound of the foimula: 



« Re 



R2-f--{C)„— Rs 

FORMULA ac) 



wheiein: 



W3 is -(CR4R5)-(CR6R7)-. -(NR4)"(CR6R7)-, S(0)ni or O; 

mis0or2; 
10 nisi or 2; 

one of Rj or Rq is 4-pyridyl or mono-Ci^alkyl-substituted-4-pyiidyl, 
provided that when Rj is mono-Ci^alkyl-substituted-4-pyridyl the mono-Ci^alkyl 
substituent is located at the 2-position of the pyridine ring, and the other of Ri or Rq is 
selected from: 

1 ^ (a) monosubstimted phenyl wherein said substituent is C1.3 

alkylsulfinyl; or 

(b) disubsrituted phenyl wherein one of said substituents must be C1.3 
alkylthio and the other is selected from C1.3 alkylsulfinyl, C1.2 alkoxy, halo, or Ci^ 
alkyl; 

2 0 provided that 

(A) when W3 is -(CR4R5)-(CR6R7)- or -(NR4)-(CR6R7)- and 
n is 1; R2, Rg and R4, Rg together represent two C=C bonds to form 
an aroniatic pyridine ring or an aromatic pyrimidine ring; R3, R5, R7 
and R9 are H or one or more of R3, R5, R7 and R9 are independenfly 
2 5 selected from H or C1.2 alkyl; or 

(B)whenW3is S(0)niOrO,misOandnis 1;R3 and R9 are 
H or one or more of R3 and R9 are independently selected from H or 
C1.2 alkyl; R2, Rg foims a OC bond in an aromatic thiazole or 
oxazole ring; or 

^ ° (C) when W3 is S(0)in, m is 0, and n is 1 or 2; R2. R3, Rg 

and R9 are H or one or more of R2, R3, Rg and R9 are independently 
selected fix)m H or C1.2 alkyl. 

The term "Formula (If)" refers a compound represented by the structure: 
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R2-7— (C)„— Rs 

{Rio)3Sn N w 

y 

pQimyla Of) 

wherein 

5 W is -CR5=CR7-, -N=CR7-, ^- or -O; 

X3 is (a) monosubstituted phenyl wherein said suhstituent is selected 
ftom Ci,3 alfcylthio, C1.2 alkoxy, halo, -H, or Ci^ alkyl; or 

(b) disubstituted phenyl wherein said substitutents are 
independently selected firom Ci_3 alkyldiio, C1.2 alkoxy, halo, Ci^ 

1 0 alkyl, or the disubsrituents together form a methylene dioxy group; 

provided that: 

(L) when W is -CR5=CR7- or -N=CR7- then 
nis 1; 

R3, R5, R7 and R9 are, independendy, -H or Ci-2 alkyl; 
15 R2 and Rg together represent a double bond in the Bring such that the 

B ring is an aromatic pyridine or pyiimidine ring; and 
(2.) when W is -S- or -O then 
n is 1; 

R3 and R9 are, independendy, -H or C1.2 all<yl; and 
20 R2 and Rg are, independently, -H or C1.2 alkyl or together represent a 

double bond in the B ring such that the B ring is an aromatic thiazole or 
oxazolering; 



The compounds of Formula QA) can be prepared according to the 
2 5 following scheme: 
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Fbnnula (A) 



R 



^2 FbfTllu!a(B) 



R3 



N 

Fomula (C) 



10 



15 



Formula (C) 



Fbmnula (0) 



Fbnnula (lA) 



20 



25 



30 



Formula (lb) 



Formula (C)- 



R2. 



.R3 



Formula {Ej 



R ,^^3 



Formula (F) 



Formula (lA) 



Formula (lA) 
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Formula (Ic) 



FormuJa (lA) 



Formula (G) 



Formula (lA) 
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An the necessary l-aiyl-2-4ialo-ethanone Formula (A) compounds 
wherein is a halogen such as CI or Br and X is chosen ftom a group consisting of 

mono or disubstituted phenyl, 4-pyridyl, and alkyl-subsututed 4-pyridyl, are known in 
the art or are prq)ared by treatmoit of the correspondingly substituted 1-phenyl- 
5 etiianones or l-(4-pyridyl)ethanones (which are commercially available or known in the 
art) with one equivalent of halogm, preferably bromine, in acetic acid, 48% 
hydrobronric add, or a halocarbon solvent such as chloroform. See, e.g., Langley, 
Org. Svn, CoU„ 1, 127 (1944) and Taurins et al., J. Heterocvclic Chem„ 7, 1137 
(1970). Alternatively, die mono and disubstituted l-phenyl-2-chloro-ethanone Formula 
1 0 (A) cOT^KDunds can be prepared by Hiedel Crafts acylation of the corresponding mono 
or disubstituted benzenes with 2-chloroacetyl chloride and alunainum chloride by the 
metiiod of JosM et al.. J. Heterocvclic Chem. . 1^ 1 141 (1979). By tiiese methods, 
Foraxula (A) compounds are prepared wherein X is 4-pyridyl, mono-Cj^alkyl- 

substituted pyridyl or monosubstituted phenyl (wherein said substituent is selected 

1 5 from C1.3 alkyltiuo, C1.2 alkoxy, halo, H, or Ci^ alkyl); or disubstimted phenyl 

(wherein said substitutents are independentiy selected from Ci,3 alkylthio, C1.2 
alkoxy, halo or Cj^ alkyl; or die disubstituents together form a metiiylene dioxy 
group). 

Compounds of Formula (Q as defined above are prepared from the 

2 0 following classes of Formula (B) compounds wherein R2,R3,R4,R5 Jl6»R7»R8 ^9 

are hydrogen or are one or more C1.2 groups; Le.,: 



1 . 2-amino-(l,3)-oxa2ole (W=0); 

2. 2.amino^,5-dihydro-(l,3)-tiiiazole (W=S, n=l); 

3 . 2-amino-5,6-dihydro-[4H]-(13)-thiazine (W=S, n=2); 

25 4. 2-amino-(l,3)-tiuazole (W=S, n=l, R2JR8 togetiier represent a C=C 

bond); 

5 . 2-aminopyridine (W=C(R4R5)-C(R6R7)-, n=l; R2,R8 and R4 Jig 
togetiier represent two C=C bonds); and 

6. 2-aminopyrimidine (W= (NR4)-(CR6R7)-, n=l; R2,R8 and R4,R6 
3 0 together represent two C=C bonds). 



The necessary Formula (B) compounds are commercially available or are known in the 
art and can be readily prepared by one of skill in the art. 

The Formula (B) compound is reacted with a l-aryl-2-halo-ethanone 
Formula (A) compound to afford the Formula (C) compound by alkylation followed by 
3 5 cyclodehydration. In tiiis way, the following classes of Formula (C) compounds are 
prepared: 

1 . imidazo[2,l-b]oxazole (W=0, n=l, R2,R8 together represent a C=C 

bond); 
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2 . 2,3-dihydroiinidazo[2,l-b]thiazole (W=S, n=l); 

3. 6J-dihydro[5H]irDidazo(2,l-b][l,3]thiazine (W=S, n=2); 

4. iinidazo[2,l-b]tMazole (W=S, 0=1, together represent a C=C 
bond); 

5 5. i™dazo[l,2-a]pyTidine(W=C(R4R5)-C(R6R7Kn=l;R2Jl8and 
R4.R6 togedier represent two C=C bonds); and 
6. umdazo[U-a]pyrimidine (W= mAyiCR^-j)-, n=l; R2,R8 and 

R4»R6 together represent two OC bonds). 
The reaction to form the Fonnula (Q compounds is performed in a 
1 0 nonpolar solvent such as chloroform or toluene, or in a polar nonprotic solvent such as 
dimethylfotmamide or acetonitiille. Alkylation is facilitated by die presence of one to 
four equivalents of a base such as powdered sodium carbonate or triediylamine, and 
cyclodehydration is facilitated by heating (between ambient tempeiamre and reflux) or 
removing the solvent and refluxing the residue in water or dUute aqueous arid. 
^ ^ Compounds of Formula (D) as defined above are N-(substitoted 

carbonyl)-! .4-dihydropyridines. The Formula (D) compounds arc prepared by 
treatoaent of the coiresponding Fomiula (C) compounds of classes 1, 4, 5 and 6 
described above wherein X is selected ftom (a) monosubstimted phenyl (wherein said 
substiment is selected firom C1.3 alkylthio, C1.2 alkoxy, halo, H. or Ci^ alkyl); or 
(b) disubstituted phenyl (wherein said substitutents are independendy selected fiom Ci. 
3 alkyltiiio. C1.2 alkoxy, halo. Ci^ alkyl, or the disubsrituents together form a 
methylene dioxy group); or the corresponding Formula (C) compounds of classes 2 
and 3 described above wherein X is disubstituted phenyl wherein said substitutents are 
selected from one of the foUowing combinations: di(Ci.3 alkylthio); dihalo(Ci.3 
alkylthio) and C1.2 alkoxy; C1.3 alkylthio and halo; C1.3 alkylthio and Ci^ alkyl; or 
C1.2 alkoxy and halo; with a substinited carbonyl pyridinium salt by the method of 
Bender gtaL U.S. Patent 4.803.279, issued February 9. 1989. and Adams eLaL 
U.S. Patent Application Serial Number 07/255,816, filed October 1 1, 1988. The 
pyridinium salt may be either preformed or preferably prepared in sim by addition of 
3 0 the substinited carbonyl halide (such as an acyl halide. an aroyl halide, an arylalkyl 

haloformate ester, or preferably an alkyl halofomiate ester) to a solution of die Formula 
(C) compound in pyridine or in an inert solvent such as mediylene chloride to which 
pyridine has been added. 

Compounds of Formula (C) may be treated with an alkyllithium 
compound to yield the corresponding Kthium reagent by metaUarion. The lithium 
intermediate may then be treated with an excess of magnesium halide or zinc halide 
etherate to yield the conresponding organometallic reagent by transmetallation. To this 
organometallic reagent a 4-bromo, 4-iodopyridine or the trifiate ester of a 4-hydroxy 



20 



25 
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pyridine (a 4-trifluorDme%lsulfonyloxypyridinc) in the presence of a palladinm (O) 
catalyst, such as tetrakis(triphenylphosphine)"palladiuni, with hexamethyl- 
phospboramide; C3fr a palladinm (D) catalyst in the presence of lithium chloride and a 
base, sudi as sodium bicarbonate or triediylamine, to yield the corresponding Formula 
5 (lA) compounds; [See Kumada ct aL, Tetrahedron Letters. 22, 5319 (1981),] 

One may also treat the litho derivatives of Formula (C) conq>ounds, as 
prepared above* with a trialkyltin halide, such as n-butyl tin chloride, xo yield the 
intermediate compound represented herein as Formula (If). Hie compounds of 
Fomaula (K) may be utilized to produce the compounds of Formula (lA) wherein either 
10 Rj or Rq is a 4-pyridyl or mono alkylsubstituted pyridyl derivative or as a substituted 

phenyl When the compounds of Formula (If) are reacted with a 4-pyridyl halide, 
preferably iodide, or the triflate ester of a hydroxy 4-pyridyl compound and 
tetrakis(triphenylphosphine)-palladium in a mixture of tetrahydrofiiran and hexamethyl- 
phosphoranride or a mixture of the halide or triflate with a palladium (II) catalyst in the 

1 5 presience of lithium chloride and base. 

The compounds of Formula (C) may also be treated widi an excess of 
bromine to yield a 3-bronK) derivative, wherein the substituent group of the phenyl on a 
Formula (C) compound is substituted with other than a bromine or iodinine, as a 
halogen substitutent group. To the bromo derivative of Formula (C) is added a 

2 0 pyridine boronic acid [B(OH)2 -4-pyridyl ]with a palladium catalyst such as 

Pd(Ph2P(CH2)4- PPh2)a2 or Pd(PPh3)4 in ±e presence of about tiiree equivalents of 
sodium bicarbonate for about 12 hours in reflux conditions with a DME(dimethyl 
ethane)/H2 in a 3:1 ratio. The pyridine-4-boronic acid is prepared from 4- 
bromq)yridine by reation with n-butyllithium, trapping of the anion with triethy 1 borate 
25 and acid hydrolysis of the boronate ester. The method is similiar to that of Fischer and 
Haviniga, Rec. Trav. Chim. navs Bas. §4, 439 (1965). Additional references for 
coupling of bromopyridines with boronic acids are Sniechus,V., Tetrahedron Lett. 29, 
2135 (1988) and Terashimia, M., Chcm. Phatm. Bull .. 11, 4755 (1985). 

The brominated Formula (C) compound can also, following halogen- 

3 0 metal exchange, with n-BuLi be coupled to a substituted halobenzene, preferably an 

iodide in the presence of bidentate palladium (II) catalyst or a Ni(II)Cl2 (1,2-bi- 

diphenyl-phosphino)eihane) catalyst to yield the desired regioisomer of the compounds 
of Formula (lA), [See, Pridgen. J. Org. Chcm. . 47, 4319 (1982^1. The compouds of 
Formula (Q may be reacted in the above manner by treatment direcdy with a Cj. 
3 5 5alkyllithium compound to yield the corresponding lithium reagent by metaUation and 
then proceed with the coupling reaction. 

The litiiio derivative of aFonnula (C)compound, however derived, 
when X is other than a 4-mono alkylpyridyl or 4-pyridyl may be coupled to to a 
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substituted 4.halopyridine in the presence of the noted palladium (11) or Ni(ID catalyst 
to yield the final desired compounds of Formula (lA). 

Compounds of Foimula (E) as defined above serve as intermediates in 
the preparation of Formula (lA) compounds where one of Rq or Ri in the product 
Formula (lA) compound is monoalkyl substituted pyridyL Confounds of Formula (E) 
are N-(substituted carbonyl)^(U^ydiD-2.alkyl)pyridines and are prepared by die 
mediod of Comins etaL Org. Cheiri,, £Z. 4315 (1982), Le., by treatment of an 
appropriate Formula (lb) compound in a dry ethereal solvent such as tetiahydrofuran at 
reduced temperature (below OOQ widi a substituted carbonyl haUde (such as an acyl 
halide. an aroyl haHde, an arylalkyl halofonnate ester, or preferably an alkyl 
haloformate ester). foUowed by treatment with an alkyl grignard reagent 

Fomaula (lb) compounds where W2 is S(0)in. m is 0. n is 1 or 2; R2. 
R3. Rg and R9 are H or one or more of Rj, R3, Rg and R9 arc independendy selected 
firom H or C1.2 alkyl; one of Rj or Rq is selected from 4-pyridyl and the other is 
selected finom: (a) monosubstituted phenyl wherein said substituem is selected fiom Ci 
3 alkylthio, C1.2 alkoxy, halo. H, or Ci^ alkyl; or (b) disubstimted phenyl wherein 
said subsrimtents are independendy selected fiom C1.2 alkoxy. C1.4 alkyl; or (c) the 
disubstituents together fonn a methylene dioxy group; are prepared as described in 

Bender £taLU.S. Patent Number 4.175,127,issued November 20. 1979; Bender et 
20 aL U.S. Patent Application Serial Number 07/106,199 filed on July 10, 1987; or 
Bender et^L U.S. Patent Number 4.803,279, issued February 9, 1989. 

The remaining Formula (lb) compounds, i.e., those where 

(A) when W2 is -(CR4R5HCR6R7)- or -m^yiCR^Rj)- and n is 1; 
R2. Rg and R4, Rg together represent two C=C bonds to form an anjmatic 
pyridine ring or an aromatic pyrimidine ring; R3, R5, R7 and R9 are H or one 
or more of R3, R5. R7 and R9 arc independendy selected fix)m H or C1.2 
eSkyl; or 

(B) when W2 is S(0)ni or O, m is 0 and n is 1; R3 and R9 are H or one 
or more of R3 and R9 are independendy selected fiom H or C1.2 alkyl; R2, Rg 
forms a C=C bond in an aromatic diiazole or oxazole ring; and one of Ri or Rq 
is 4-pyridyl and the odier is selected from (a) monosubsrimted phenyl wherein 
said subsriment is selected from C1.3 alkylduo, C.1.2 alkoxy, halo, H, or Ci^ 
alkyl; or (b) disubstituted phenyl wherein said substiwtents are independendy 
selected from C1.3 alkylthio, C1.2 alkoxy, halo. C1.4 alkyl. or die 

3 5 disubstituents togedier form a metiiylene dioxy group; or 

(O when W2 is S(0)m. m is 0, and n is 1 or 2; R2, R3, Rg and R9 are 
H or one or more of R2. R3, Rg and R9 are independendy selected from H or 
C1.2 alkyl; and one of Rj or Rq is 4-pyridyl and die odier is selected from 
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disutetimted phenyl (wherein said substitutents are selected from one of the 
following combinations: di(Ci.3 alkyllhio), dihalo, (C1.3 alkylthio) and C1.2 
alfcoxy, C1.3 alkylfliio and halo, C1.3 alkylthio and Cj^ alkyl, or C1.2 alkoxy 
andhdo), 

5 are aH embraced by the scope of Fonmila (lA) compounds and arc obtained 

from intermediates of Formula (D) and Formula (F) compounds as more elaborately 
described h^dn* 

Compounds of Formula (D) and Formula (E) are converted into 
compounds of Formula (lA) by deacylation and oxidation with a mild oxidizing agent 
10 by the methods described in Bender et al.. U.S. Patent No. 4,803,279 and Adams ei 
SL U.S. Patent Application Serial Number 07/255,816, filed October 1 1, 1988. 
Exemplary oxidation systems are sulfur in a refluxing inert solvent, or solvent mixture 
(such as decalin, decalin and diglyme, p-cymene, mesitylene), or oxygen in the 
presence of potassium terL-butoxide/tert-butanoL 

1 5 Compounds of Formula (F) as defined above are intermediates to the 

corresponding Formula (lA) compounds and are prepared by metallation of the 
appropriate Formula (C) compounds, where X is 4-pyridyl or monoalkyl-substituted 4- 
pyiidyl, with a lithiating agent (such as s-butyllithium orn-butyllithium) in an ethereal 
solvent (such as tetrahydrofuran), followed by treatment with a trialkyltin halide. 

2 0 These Fomiula (F) compounds are employed to prepare the Formula (lA) compounds 

where Rq is 4-pyridyl or monoalkyl-substituted 4-pyiidyl, i.e., one mole equivalent of 
the Formula (F) compound is added to an excess of a solution of a mono- or di- 
substituted phenyl bromide, triflate, or preferably the iodide, in an inert solvent (such 
as tetrahydrofuran) preferably containing 10% hexamethylphosphoramide and 1 to 10 

2 5 mole percent of a palladium (0) catalyst (such as tetrakis(triphenylphosphine)- 

palladium) by the method described m Adams etal» U.S. Patent Application Serial 
Number 07/255,816, filed October 11, 1988, or by using a palladium (H) catalyst in 
die presence of lifliium chloride and an added base such as triethylamine. Triflate 
precursors are prepared from the corresponding substituted phenols by treatment with 

3 0 trifluorosulfonic anhydride in the presence of a base such as pyridine or triethylamine. 

Formula (F) cbmpounds where W is S(0)ni, m is 0, n is 1 or 2, and X2 is 4-pyridyl, 
are treated with a disubstimted phenyl bromide, triflate or preferably the iodide, 
wherein the substituents are selected from one of the following combinations: di(Ci.3 
alkyltiiio), dihalo, C1.3 alkyldiio and C1.2 alkoxy, C1.3 alkylthio and halo, C1.3 
3 5 alkyltiiio and Cj^ alkyl, or C1.2 alkoxy and halo. The remaining Formula (F) 

compounds are treated with (a) a monosubsrituted phenyl bromide, triflate or preferably 
the iodide wherein said substituent is selected from C1.3 alkylthio, C1.2 alkoxy, halo, 
H, or Cj^ alkyl; or (b) a disubstimted phenyl bromide, triflate or preferably the iodide 
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wherein said substituents are independenfly selected fiom C1.3 alkylthio, C1.2 alkoxy, 
halo, Ci^ alkyl, or the disubstituents togedier fonn a methylene dioxy group. 
Refluxing this mixture for 8 to 48 hours gives the desired Formula (lA) compounds 
after treatment widi aqueous sodium fluoride solution. 
5 The compounds of Formula (lA) wherein Ri is a 4-pyiidyl or Cj^ 

alkyl-4-pyridyl may also be produced through use of a tin containing intermediate 
referred to herein as a Fomiula (H) con^und. The same reaction conditions and 
metiiods apply for use of a Fomiula (H) compound as widi a Fonnula (F) compound, 
A mixture of a 4-pyridyl halide, preferably iodide, or tiifflate ester of a hydroxy 4- 
1 0 pyridyl compound and tettakis (tiiphenylphosphine)-palladium in a mixture of 
tetrahydrofuran and hexamethylphosphoramide, or a palladium (II) catalyst in the 
presence of Ktinum chloride and a base, foUowed by optional hydrolysis, oxidation, or 
reduction to yield tiie desired compound of Fommla (lA). 

Compounds of Fomiula (lA) where one of Ri or Rq is mono or 

1 5 disubstimted phenyl possessing one or more 1-acyloxyalkylthio subsritaent(s) and 

compounds of Formula (G) (defined above) are prepared via Pummerer 
Rearrangement on the corresponding compounds of Formula dc). Pummerer 
Rearrangement of tiie corresponding Formula Qc) compounds is accomplished by die 
mediod described in Adams staL U.S. Patent Application Serial Number (17/255.816. 
20 filed October 11. 1988 by refluxing with an alkanoic acid anhydride. 

The Formula Qc) compounds wherein W3 is S(0)m, m is 0, n is 1 or 2; 
R2. R3. H and R9 are independentiy selected fiom H or C1.2 alkyl; one of Ri or Rq 
is 4-pyridyl or mono-Ci.4alkyl- substitoted-4-pyridyl. and die otiier of Ri or Rq is 
monosubstituted phenyl where said substituent is C1.3 alkylsulfinyl are prepared by die 

2 5 metiiod described in Bender SLSL U.S. Patent Number 4.175,127. issued November 

20, 1979. Bender etaL U.S. Patent AppUcation Serial Number 07/106,199 filed on 
July 10, 1987 or Bender etaL U.S. Patent Number 4.803.279, issued February 9 
1989. 

The remaining Formula (Jc) compounds, Le., tiiose compounds of 

3 0 Formula ffc) wherein (A) when W3 is -(CR4R5)-(CR6R7)- or -(NR4)-(CR6R7)- and 

n is 1; R2, Rg and R4, together represent two C=C bonds to form an aromatic 
pyridine ring or an aromatic pyrimidine ring; R3, R5, R7 and R9 are H or one or more 
of R3, R5, R7 and R9 are independently selected from H or C1.2 alkyl; or (B) when 
W3 is S(0)ni or O. m is O and n is 1; R3 and R9 arc H or one or more of R3 and R9 
3 5 arc independentiy selected from H or Ci.2 alkyl; R2, Rg forms a C=C bond in an 

aromatic tiiiazole or oxazole ring; and one of RI or RO is 4-pyridyl or mono-CMalkyl- 
substituted.4-pyridyl; and the otiier is selected from: (a) monosubstimted phenyl 
wherein said substituent is C1.3 alkylsulfinyl; or (b) disubstituted phenyl wherein one 
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of said substituents must by alkylsulfinyl and the other is selected firom C1.3 
alkylsolfinyl, Ci-2 alkoxy, halo, or Ci^ alkyU or (c) when W3 is S(0)xn* m is O, and 
n is 1 or 2; R2, R3, Rg and R9 are H or one or more of R2, R3, Rg andRQ are 
independmtly selected firom H or C 1 _2 alky 1; and one of R 1 or Rq is 4-pyTidyl or 
5 mono-Ci^allg^l-substituted-4-pyridyl; the other is selected firom disubstituted phenyl 
wherein one of said substituents must be C1.3 alkylsulfinyl and the other is selected 
firom Ci_3 allg^lsulfinyl, C1.2 alkoxy, halo, or Cj^ alkyl; are all embraced by the 

scope of Fdmula (lA) and are prepared as described herein. 

The Formula (G) compounds where one of Vj or Vq is mono or 

1 0 disubstituted phenyl having at least one merc^o substituent are obtained by hydrolysis 
of the Formula QA) acyloxyalkykhio products or preferably by treatment of a Formula 
(Ic) compoui^d with trifluoroacetic anhydride followed by basic solvolysis with a base 
such as sodium methoxide in methanol, similar to the method of R. N. Young et al.. 
Tetrahedron Letters. 25, 1753 (1984). 

1 5 Formula (G) compounds serve as intermediates for the synthesis of 

Formula (lA) compounds where one of Rj or Rq of the Formxila (lA) compound is 

mono or disubstituted phenyl having at least one 2-alkenyl-l-thio function. A solution 
of the Formula (G) intermediate in a polar solvent such as dimethylformamide is treated 
with a strong^base, such as a metal hydride, (pref^ably sodium hydride), a metal 
20 alkoxide or litidum diethylamide. The metal mercaptide salt is treated with a l-halo-2- 
alkcnc such as allyl bromide and heated from 25 to S(fC to give tiie Formula (lA) 
conqKrands where one of Rj or Rq is mono or disubstituted phenyl having at least one 

2"alfcenyl-l-th20 substiment 

The Formula (G) compounds described above also serve as 

2 5 intermediates for the synthesis of Formula (lA) compounds in which one of Ri or Rq 

is mono or disubstituted phenyl having at least one l-alkenyl-l-thio function. 
Treatment of the Formula (G) con^und in a nonprotic solvent such as tetrahydrofiiran 
with a strong base such as lithium diethylamide at low temperature (-78 to -20° Q 
generates the lithium mercaptide salt This salt is alkylated at OX with a 

3 0 trimethylsilymethylating agent (such as trimethylsilymediyl halide, triflate, or acetate) to 

form die tiimctiiylsilyhnetiiylthio substituent The latter is deprotonated with addition 
of another molar equivalent of lithium diethylamide and treated widi an aldehyde or 
ketone to give the Formula (lA) compound where Vq or Vj is mono or disubstimted 

phenyl having one at least one l-alkenyl-l-thio substiment 
3 5 Compounds of Formula (I) or (II) wherein R or r1 is phenyl 

substituted with a substimted disulfide group are prepared by mild air oxidation of the 
compounds of Formula (I) wherein R or r1 is phenyl substimted witfi a sulfhydryl 
group, prepared as described above. The nonsymmetrical disulfide (Z) wherein Z is - 
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S-S-Zi and Zi is phenyl or C1.9 alkyi, the compound may be prepared by reaction of 
the solfhydryl compound with die appropriate sulfenyl halide in an ediereal solvent to 
afford compounds of Fomiula (I) or (11) wherein one of R or r1 is phenyl substituted 
with one or more alkyl-dithio oraiyl-dithio groups TTie meUiod ofMukaivametal.. 
5 TgMigdroi) Letter??, 56:5907-08 (1968) allows for use of die desired aiyl-SH or alkyl- 
SH reagent treated widi diediylazodicaiboxylate in 1:1 equivalence at room tempertaure 
in a solvent, yielding an adduct which is then treated with 1:1 ratio of the desired 
mercaptanofForaiula(G). Thisprocess will also yield die disulfide dimer of die 
compounds of Formula (I) or (II). 
^ ^ Compounds of Fomiula (lA) where one of Rj or Rq is mono ot 

disubstinited phenyl possessing a 4-halogen subsriment (preferably fluoride) can be 
converted to die 4-alkyldiio Formula QA) compound by displacement of die haUde ion 
widi a metal alkyl-mercaptide salt (such as sodium diioedioxide) in a polar nonprotic 
solvent (such as dimediylformamide) heated to between 70 and 150OC. In compounds 

1 5 of Formula (lA) where W is 8(0)^ and die substiments R2,R3.R8,R9 are H or C1.2 

allcyl, m is preferably 0 for tiiis conversion. 

The Formula (G) compounds may be obtained by treatment of a 
halophenyl, preferably a fluro or bromophenyl derivative of a Formula (lA) or (lb) 
compound having at least one halo substituent on die phenyl ring, in dimediyl sulfoxide 

2 0 (DMSO) widi NaSH(sodium bisulfide) under similiar conditions as formation of die 

Formula (lA) compounds as described above, widi a metal mercaptide salt only for a 
longer temperature and time. A possible reaction to yield a Fomula (O or (lA) 
compound is to treat a halophenyl derivative of Formula (lA), (IB) or (C) widi die 
sodium salt of an alkyhneicaptan widi catalytic amount of a palladium (O) compound, 
25 such as tetrakis(triphenylphosphine>palladium in a solvent, such as DMS. In die 
instance wherein the resulting Formula OA) compound contains an alkyldiiophenyl 
substituent, said compound may be oxidized in accordance widi procedures well 
known to diose skilled in die art, and as illustrated below for die Formula QQ 
compounds, may tiien be used as an intermediate to make die merc^to compound of 

3 0 Formula (G). 

Compounds of Formula (lA) or (IQ possessing an alkylsulfinyl, 1- 
alkenyl-l-sulfinyl, or 2-alkenyl.l-sulfinyl mono or disubstinited phenyl ring, or diose 
compounds of Formula OA) where W is S(0), arc prepared by oxidation of die 
corresponding compounds of Formula (lA) or QQ (possessing, respectively, an 
3 5 alkyldiio, 1-alkenyl-l-tiiio or 2-alkenyl-l-tiiio mono or disubstinited phenyl ring or 
diose compounds of Formula (lA) where W is S (0)^ and m is 0). by employing one 
equivalent of oxidizing agent per sulfide in die molecule. The oxidizing agent may be 
an organic peracid (such as 3-chloroperoxyben2oic) added dropwise to a solution of die 
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Formula (lA) or (IB) compound in a halocaibon (such as methylene chloride) at ice 
bath teaq>erature, or an inorganic agent (such as sodium periodate or hydrogen 
peroxide) in water added dropwise to a solution of the Formula (lA) or (IQ compound 
in water containing 2 equivalents of an inorganic add (such as hydrochloric add) at ice 
5 bath teniperatnre. Treatmoit of con^KJunds of Formula (lA) containing two sulfide 
fiincdons with one equivalent of oxidant results in flie formation of a mixture of the 
sulfoxides. 

Conqwunds of Formula (lA) where W is S(0)2 are prepared by 
oxidation of the corresponding compounds of Formula QA) where W is S(0) and is the 
1 0 only sulfoxide ftmction in the molecule. The oxidation is achieved according to the 
method of Chatterway etal.. I Chem. Soc.. 1352 (1930). by dropwise addition of an 
aqueous solution of 2/3 equivalent of potassium permanganate per sulfoxide substituent 
to a solution of the Formula (lA) compound in water containing two equivalents of an 
inorganic add such as hydrochloric acid. This oxidation is selective for sulfoxides and 

1 5 allows the preparation of compounds of Formula QA) wh^e R or Rj is mono or 

disubstituted alkyltiuophenyl and W is SO2. 

EXAMPLEl 

6-f4-HuorophenvlV5>f4-f2-me divnpvridvlV2,3>dihvdrDimidaz(vr2,l-b^ 
Formula HA) GomnonnH 

20 a) .5>f4>fl>-acetv l-2-methvlV1.2-dihvdropvridvlV6-f4-flnorophenvlV2.3- 
dihvdrDimidazor2.1-b1thia2Qle 
(Formula CE) Compound . 

A stirred solution of 3.54 g (11.9 mmol) of 6-(4-fluorophenyl)-5-(4- 
pyridyl)-2,3-dihydroimidazo[2,l-b]-tiua2ole, prepared as disclosed in Bender et^., 

2 5 U.S. Patent Number 4,803,279, in dry tetrahydrofuran (THF) cooled between 0 and - 

5(fC is treated sequentially widi 1.84 g (23.8 nnnol) of acetyl chloride and 
subsequenfly with 8.81 mL C23.8 mmol) of 2.7 M metfiyl magnesium bromide. The 
reaction nrixtuie is allowed to come to 25°C quenched witii saturated NH4a, adjusted 
to pH 7.5 with 10% sodium bicarbonate and extracted witii metiiylene chloride. The 

3 0 combined organic extract is dried, concentrated in vacuo and flash chiomatographed on 

silica to afford the tide Formula (E) compound in a semi-stable form, 
b) 6-f4-FluorophenvIV5-f4-f2-methvnpvridv1V 

23-dihvdroimida2or2.1-blthia2ole . 
Formula CIA) Compound 
3 5 Method A 

The 1 -acetyl-! ,2-dihydropyridine derivative of pan a, above is 
aromatized by heating between 165 and 195°C witii 1.0 g (31 tmnol) of sublimed sulfur 
in a solution of 10% diglyme in decalin until tiiin layer chromatography (e.g., alumina. 
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methylene chloride) shows the starting material is consumed The reaction mixture is 
filtered waim, and extracted into dilute aqueous HO. 

The aqueous acid phase is neutralized with 5% aqueous sodium carijonate and extracted 
into methylene chloride. This extract is dried, concentrated in vacuo and purified by 

5 flash chromatogrq)hy on siKca to afford the title ForaiulaOA) compound. 
MediodB 

nie l-acetyl-l,2-dihydropyridine derivative of part a, above is 
aromatized by adding to a stirred solution of 2.7 to 8.0 g (24-71 mmoles) of potassium 
t-butoxide dissolved in sieve dried t-butanol into which oxygen is being bubbled. The 
1 0 solution is heated to refiux until thin layer chromatography (alumina, methylene 

chloride) shows die starting material is consumed. The solvent is removed in vacuo. 
and the residue is partitioned between 5% aqueous sodium carbonate and mediylene 
chloride. The organic phase is washed witii water and extracted into dilute aqueous 
HCL The acidic aqueous phase is made alkaline with aqueous sodium carbonate and 

1 5 extracted into methylene chloride. The organic layer is dried over anhydrous sodium 

carbonate, stripped in vacuo and die residue chromatographed on siKca to afford the 
tide Formula (lA) compound, 

EXAMPLE2 

6-f4-Methvlrhinphpnvn-5-f4-f2-TrPth vnDvridvn-2.^-HihvdiDirnida7or?. 1-h1thiH.nl>. 
20 Formula fTA ) Compnimrf 

Method A 

A stirred solution of 6.13 g (19.7 mmoles) of 6-(4-fluorophenyl)-5-(4- 
(2-methyl)pyridyl)-2,3-dihydro-imidazo[2,l-b]diiazole, prepared as described in 
Example lb, in dry dimethylformamide (DMF) is treated witii 1.65 g (23.6 mmoles) of 

2 5 sodium thiometiioxide under argon amiospherc arid the reaction mixture heated between 

75 and 140°C until tiie starting material has been consumed. The mixture is then 
cooled, poured into cold water and extracted witii etiiyl acetate. The organic phase is 
washed tiuee times with water, dried over anhydrous sodium sulfate and stripped in 
vacua. The residue is chromatographed on silica to afford the tide Formula (lA) 

3 0 compound. 

Method B 

The tide compound is prepared by treatment of 6-(4-metiiyldiiophenyl)- 
5-(4-pyridyl).23-dihydro-imidazo[2,l-b]diiazole, prepared as disclosed in Bender ej 
al-, U.S. Patent Number 4,803,279, by die mediods of Example la and lb. 

EXAMPLE3 

6-f4-Flnornphp.nvl).S.(4.f2-methvlYv ridvlV2.3.dihvdroimida7n. 
r2. 1 -b1 thiazole- 1 ^xirifi 

Formula CtA) PnmprM,«H 
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A stirred solution of 5.08 g (16.3 minoles) of 6-(4-fluon)phenyl)-5-(4- 
(2-methyl)pyridyl)-23-dihydioiimdazo|2,I-b]fl^ prepared as described in 
Exaii5)te lb, dissolved in cUorofbrm is chiUed m an ice bath ai^ 
a solution of 33Q g (16.3 minoles) of 85% 3-chloroperben2oic acid in chlorofomL 
5 The solution is stirred at 25°C overnight and then is washed with 5% aqueous sodium 
carbonate, dried over aiihydrous potassium carbonate, and stripped in vacuo. The 
residue is chromatogr^hed on silica and lecrystallized to give the tide compound 

EXAMPLE4 

6-f4-MethvlthiophenvlV5-f4-f2-methvl')pvridvlV2.3-dihvdrDimidazo- 
10 r2.1-b1thiazole-l-oxide . 
Fdfmmla (lA) Compound (Method 

The dde compound is prepared by treatment of 6-(4-fluorophenyl)-5-(4- 
(2-methyl)pyridyl)-23-dihydToimidazo-[2,l-b]thia2ole-l-oxide, prepared as described 
in Exari5)le 3, according to the procedure of Example 2. 
15 Method B 

The tide compound is also prepared as described in Example 6 below. 
EXAMPLE5 

6-f4-MethvlthiophenvlV5-f4-f2>methvnpvridvlV2.3-dihvdroimida2or2.1-b1tM^^^ 

Ll-dioxide . 

20 Formula QA^ Compound 

A stirred nnxture of 3.41 g (9.6 mmoles) of 6-(4-methyldiiophenyl)-5- 
(4-(2-methyl)ityridyl>2,3-dihydroiniida20[2,l-b]thiazole-l-oxide, prepared as 
described in Example 4, in water containing 1.95 g of concentrated hydrochloric acid is 
treated dropwise with a solution of 1.01 g (6.38 nmioles) of potassium permanganate 

2 5 dissolved in water. The reaction mixture is neutralized witii 5% aqueous sodium 

hydroxide solution. The cmde product is extracted into methylene chloride, washed 
with water, dried over anhydrous sodium sulfate and stripped in vacuo . The residue is 
chromatographed on silica to give the tide compound. 

EXAMPLE6 

3 0 . 6'f4-MethvlsulfinvlphenvlV5-f4-f2-methvl>pvridvlV 

2.3-dih vdroimidazor2. 1 -b1 thiazole. 

Formula CIA) compound 

A mixture of 0.38 g (1.12 mmoles) of 6-(4-metfiylthiophenyl)-5-(4-(2- 
methyl)pyridyl)-2,3-dihydroimidazo[2,l-b]thia2ole, prepared as described in Example 
3 5 2. in water containing 0.75 ml of 3 N hydrochloric acid is treated dropwise at 5°C with 
a solution of 0.241 g (1.12 mmoles) of sodium periodate in water. The reaction 
mixture is kepit at this temperature overnight and then is warmed to 20*^C and washed 
with methylene chloride. The aqueous phase is brought to pH 10 with sodium 
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carbonate, and the crude product is extracted into methylene chloride. Hie organic 

phase is dried over anhydrous potassium carbonate, and stripped in vacuo to give a 

product mixture. This residue is flash chromatographed on silica and die two 

sulfoxides isolated to give both the tide compound as well as 6-(4-methylthiophenyl)-5- 

5 (4-(2-methyl)pyridyl).2,3-dihydroimidazo[2,l-b]thia2ole-l-oxide Fomiula (lA) 
compound of Example 4. 

EXAMPLE? 
6-(4-Methylsulfinylphenyl)-5-(4-(2-mefliyl)pyridyl> 

2,3-dihydroimidazoI2,l-b]thiazole-l,l-dioxide. 
1 0 Fomiala flA") Compound 

The tide conqiound is prepared by submitting 6-(4-methylthiophenyl)-5- 
(4-(2-methyl)pyridyl)-2,3-dihydioimidazo[2,l-b]tiiia2ole-l,l-dioxide, prepared as 
described in Example 5, to die procedure of Example 6. 
EXAMPLES 

1 ^ 6-f4-Mercap tophenvlV>-r4-f2-methvnpYriHvl)- 

2.3-dih vdrDi midazor2. 1 -blthiazole 

(Formula ffi't Pftmpmin/^ 

A solution of 5J1 g (15.5 mmoles) 6f 6-(4-methylsulfinylphenyl)-5-(4- 
(2-metiiyl)pyridyl)-23-dihydroimidazo[2,l-b]dua2ole, prepared as described in 

2 0 Example 6, in methylene chloride cooled to (fC is treated with 9.7 g (46.4 mmoles, 6.5 

ml) of trifluoroacetic anhydride in mediylene chloride. The mixture is heated to reflux 
for 1 hour and stripped jn vacuo. The residue is treated witii water and extracted into 
metiiylene chloride. The organic phase is washed witii aqueous sodium bicarbonate, 
saturated brine, dried over anhydrous sodium sulfate and stripped in vacuo. A solution 
25 of tins residue in anhydrous medianol is treated widi 5 ml (23 mmoles) of a 25% 

solution of sodium methoxide in metiianol and stirred at room temperature for 3 hours. 
This solution is tiien poured into ice-water, treated wifli 3N sodium bicarijonate 
solution, and concentrated in vacuo to remove most of the methanol This mixture is 
tiien extracted into methylene chloride, and die organic phase is washed witii water, 

3 0 saturated brine, dried over anhydrous sodium sulfate and stripped in vacuo . The 

residue is chromatographed on silica to afford die tifle compound. 

EXAMPLE 9 

6-f4-f2-Methy1-1-pT r>penvlthioYhftny])-'w 

f4-f2-methvnpvriHYl V2.3-dihvdmiTTiidazor2.1-hlthia7nlP 
3 5 Formula HA) Compound 

A solution of 5.53 g (17. mmoles) of 6-(4-mercaptophenyl)-5-(4-(2- 
metiiyl)pyridyl)-2,3-dihydroimida2o[2,l-b]diia2ole, prepared as described in Example 
8, in dry tetrahydrofuran at -20"'C under an argon atmosphere is treated witii a solution 
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of 17 mmoles of litMum diethylamide from 6.8 ml of 2 J M n-butyl lithium. After 
wanning, a solution of 1.57 g (17 mmoles) of trimethylsilylmethyl chloride in dry 
tetrahydrof uian is added dropwise. When die reaction is complete, the mixture is 
immersed in an ice-bath and a second 17 mmole solution of lithium diethylamide is 
5 added After stirring for 15 minutes, a solution of 0.99 g (17 mmoles) of dry acetone 
in tctrahydrofiiran is added and the reaction aUowed to come to room tenoperature. The 
rmxtuTB is poured into wata*, extracted with mediylene chloride and the orgaiuc phase 
dried oyer sodium sulfate and stripped in vacuo . The residue is chromatographed on 
silica to afford the tide compound 
10 EXAMPLE 10 

2-f4-MethoxvDhenvlV3-f4-pvridvlMTTiidazQriJ2-aTpvTidine . 
Formula flA^ Compound 

a) 2-f4-MethoxvphenvlMmida2ori ^-alnvridine 
(Formula fCi Compound^. 

15 A chloroform solution of 7.3 g (32 tomoles) of l-(4-metiioxyphenyl)-2- 

bromo-ethan-l-one and 3.0 g (32 mmoles) of 2-aminopyridine was stirred for 5 hours 
and a precipitate was obtained on chilling. This precipitate was washed with cold 
carbon tetrachloride and recrystallized ftom ethyl acetate to aJfford the tide compound, 
melting point (mp) 135-137*^0, Calcd for C14H12N2O; C: 74.98; H: 5.39, N: 12.49. 

2 0 Found C: 74,64, H: 5.35. N: 12.63. 

b) 2-f4-MethoxvphenvlV3-f l -ethoxvcarbonvl-L4- 
dihvdropvridvnimidazori,2-a1pvridine 

(Formula (D) CompoundV 

A solution of 1.5 g (6.69 nmioles) of 2-(4-methoxyphenyl)imida2o[l,2- 

2 5 ajpyiidine, prepared as described in Example 10a, dissolved in 20 ml of dry metiiylene 

chloride containing 5^9 g (66.9 mmoles) of pyridine was treated widi 3.63 g (33.4 
mmoles) of ediyl chloroformate over one hour. After 72 hours, tiie mixture was 
poured into 03 N HQ at O^^C and extracted into methylene chloride. The organic phase 
was washed with 03 N HQ, water and then dried over anhydrous sodium sulfate. 

3 0 The solvent was stripped in vacuo to give the tide compound as a tan powder; ^H- 

NMR (250 MHz, CDOs) o 8.17 (d,l H), 7.6O (dl H), 7.50 (d2 H), 7.12 (d-dl H), 
7.0 (br s,2 H), 6.92 (d,2 H), 6.76 (t,l H), 5.02 (p,l H), 4.79 (br s,2 H), 432 (q,2 
H), 3.76 (s,3 H), 130 (t,3 H). 

c) 2-(4-MethoxvDhenvn-3-(4-pvridvn 
35 imidazori.2-a1pvridine 

Formula (I A) Compound . 

A mixmre of 1.2 g (3.20 mmoles) of 2-(4-methoxy-phenyl>3-(l- 
edioxycarbonyM,4-dihydropyridyl>imida2o[l,2-a]pyridine, prepared as described in 
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Example 10b. in 10 ml of decalin was heated at 185 to 190°C under argon with 0.154 g 
(4.8 mmoles) of sublimed sulfur for 1.5 hours. The cooled reaction mixture was 
extracted with SNHQ and the aqueous layer washed with methylene chloride, made 
alkaline with 5% sodium carbonate solution and extracted with methylene chloride. 
5 The basic organic phase was dried over anhydrous potassium carbonate and stripped in 
2SSH2- The residue was chromatographed on silica and eluted with 1 to 8% of 
methanol in chlorofonn/ethyl acetate (1:1). Reaystallization two times fiom ethyl 
acetate/ether and once fitom ethyl acetaie/hexane gave the tide compound, mp 127 J- 
128.5°C. Calcd for C19H15N3O; C: 75.73, H: 5.02. N: 13.94; found C: 75.96, H: 
1 0 5.05, N: 14.00. 

EXAMPLE 11 

2-f4-Flnomnhp.nvn-3-r4-nvridvnit Tiidazori?.-fl1p Yr.-rfinP 
Formula (lA^i (; . nmpniinrf 

*) 2-f4-Flnomp henvlMmiHayori.2-a1pvririin^. 

1 5 fFormula ( D CompnnnH') , 

1- (4-Fluorophenyl)-2-bromo-l-€thanone is reacted by the method of 
Example 10a. and such reaction is followed by evaporation of the solvent and reflux of 
the crude product in water or dilute aqueous HQ. The mixture is treated with 5% 
aqueous sodium carbonate and extracted with methylene chloride. The organic phase is 

2 0 dried and evaporated to give the title conapound. 

2- f4-FluoronhenvlV3-f4.pvri dvlVimidaznn.2-a1Pvridine. 
Eormula (lA) Cnmpnm^ii^ 

The title confound is prepared by treating 2-(4- 
fluorophenyl)imida2o[1.2-a]pyridine, prepared as described in Example 1 la, 

2 5 according to the method of Exanqjie 10b and 10c. 

EXAMPLE 12 

2-f4-Methvlthinph«»pY^).3.r4-nvridvni niida7on.2.a1py rirfip» 
Formula fTA^ rnmp^ni^H 

The tide compound is prepared by treating 2-(4-Fluorophenyl)-3-(4- 

3 0 pyridyl)imida2o[l,2-a]pyridine, prepared as decribed in Example 1 1, according to the 

mediod of Example 2. 

EXAMPLE 13 

2-f4-Methvlsii1finv1pbenvlV3-f4-p vridvnimida7nri.2-alpvridinft 
Formula <'TA'> CnmpnunA 

^ ^ The tide compound is prepared by treating 2-(4-methylthiophenyl)-3-(4- 

pyridyl)iinida2o[l,2-a]pyridine, prepared as described in Example 12, according to the 
metiiod of Example 6. 

EXAMPLE 14 
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2-^4-AcetoxvmethvlfliiophenvlV3-f4-Twridvnimidazori^-a1pv^ 
Fonnula flA^ Conmound 

To 1 g (2.7 mmoles) of 2-(4-methylsulfinylplicnyl>3-(4-pyridyl)iiiuda^ 
ajpyiidine, pirated as described in Exazxq)Ie 13» is added 25 ml of acedc anhydride, 
5 and tbe mixture is heated to reflux for one hour. After cooling, the mixture is stripped 
in vacuo, treated with water and extracted with methylene chloride. The organic phase 
is washed with 3 N sodium bicari)onate and saturated aqueous sodium chloride 
solution, dried over sodiimi sulfate and stripped in vacuo . The residue is 
chnwnatographed on silica to give the tide compound. 

1 0 EXAMPLE 15 

2-f4-MercaptophenvlV3-f4-pvridvlMmida2orL2-alpvridine 
Formula (G) Oompound 

The tide coixq)ound is prepared by treating 2-(4-methylsulfinylphenyl)- 
3-(4-pyridyl)imidazo[l,2-a]-pyridine, prepared as described in Example 13, according 
15 to the method of Example 8. 

EXAMPLE 16 

2-f4-f2-propenvl-l-thio>phenvlV3-f4-pvridvlVimidazorL2-a1pvridine . 
Formula flA") Compound 

A solution of 0.5 g (L65 nunoles) of 2-(4-mercaptophenyl)-3-(4-pyridyl)imidazo[l,2- 

2 0 a]pyridine, prepared as described in Example 15 , in dry dimethylformamide tmder an 

argon atinosphere is treated with 0.079 g (1.98 mmoles) of 60% sodium hydride and 
stirred at room temperature for one hour. A solution of 0.24 g (1.98 mmoles) of 2- 
propenyl bromide in dimethylformamide is tiien added dropwise and heated between 25 
and 65**C until die reaction is complete. The mixture is then poured into ice water and 

2 5 extracted three times with ethyl acetate. The organic phase is washed three times with 

water, dried over anhydrous potassium carbonate and concentrated in vacuo . The 
residue is chromatographed on silica to afford the tide compound. 

EXAMPLE 17 

2»f4-PvridvlV3-f4-methvlsulfinvl)phenvl)imidazori.2-a1pvridine . 

3 0 Formula (TA) Compound 

a) 2'f4-PvridvlMmidazori .2-a1pvridine 

(Fonnula (O Compound . 

A stirred suspension of 1.0 g (3.6 mmoles) of 4-(bromoacetyl)pyridine 
hydrobromide and L02 g (10.8 mmoles) of 2-aminopyridine in dry dimethylformamide 
3 5 is treated with 0.76 g (12 mmoles) of powdered anhydrous sodium carbonate and 
heated between 35 and 100°C under an argon atmosphere until no further product 
forms. The solvent is removed in vacuo and the residue is dissolved in water. The 
aqueous mbcture is extracted with chloroform and the organic phase washed with 
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water, dried over anhydrous potassium carbonate and stripped in vacuo. ITie residue is 
chromatographed on silica to afford the title compound 

2-f4-PvridvlV3.fimiria7nri,?-,»] pvridvn-tri-n-hiirYlrin 

flFormula (F[ rnmpnnn^) 

5 A cold (-20 to -5»Q solution of 0^3 g (2.7 imnoles) of 2-(4- 

pyridyl)imidazo[l^-a]pyridine, prepared as described in Example 17a, in diy 
tetrahydiofuran under an argon atmosphere is treated dropwise with 1.08 ml (2.7 
mmoles) of a 2.5 M solution of n-butyffitiuum in hexane over 20 minutes. The reaction 
mixturc is stirred until all the starting material is Utiiiated and tiien a solution of 1.0 g 
1 0 (3.07 mmoles) of iri-n-butyltin chloride in dry tetrahydrofiiran is added dropwise. 
After stirring for one hour, the mixture is treated with a saturated aqueous solution of 
ammonium chloride. The organic layer is washed again widi aqueous ammonium 
chloride and dried over anhydrous potassium carbonate. The solvent is stripped in 
vacuQ and the residue extracted widi hexane and chromatogr^hcd on siHca with 

1 5 solvent containing 1% diethylamine. Removing the solvent in vacuo affords tiie tide 

compound. 

2-f4-Pvridv1V3-r4-mftrhv1t hioDhenvniTnida2ori.2-a1pvrirtit^ft 
Formula f^A^ Compound 

A solution of 269 g (10.9 mmoles) of l-mefliyiduo-4-iodoben2ene in 
20 dry tetrahydrofuran containing 10% hexamethylphosphoramide is purged by bubbling 
widi argon for several minutes and tiien treated witfi 240 mg of 
tetrakis(triphenylphosphene)paIladium. The mixture was heated at 50»C for several 
niinutes and then treated with a solution of 1.73 g (3.57 mmoles) of 2-(4-pyridyl)-3- 
amidazo[U-a]pyridyl)-tri-n-butyltin, prepared as described in Example 17b above, in 

2 5 dry tetrahydrofuran. The mixmre is refluxed until all tiie tin compound is gone, tiien it 

is cooled, etiiyl acetate is added, and die mixture is washed witii 10% aqueous sodium 
fluoride solution, tiiree times with water and extracted into cold dilute HQ. The 
aqueous phase is washed with metiiylene chloride, made alkaline witii 10% sodium 
hydroxide, and die product extracted into mediylene chloride. The organic phase is 

3 0 dried over anhydrous potassium carix>nate, stripped in vacuo and tiie residue 

chromatographed on silica to afford die tide compound. 

2-(4-Pvridvn-3-f4-methv1«i lfinvnDhenvnimidazon.2-a1p vriHinP 
Formula (lA) Compound 

The tide compound is prepared by treating 2-(4-pyridyl)-3-(4- 
3 5 metiiyltiiiophenyl)imida2o[l,2-a]pyridine, prepared as described in Example 17c, 
according to the metiiod of Example 6. 

EXAMPLE 18 
6.(4-FliinmphPnYl).5-f4-Dvridv1M niidazor7.. 1 -hl rhia^nlP 
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F<?^y)^}^ fJA) CQmp9yn4 

The tide compound is prepared by treating 2-aminotfaiazole by the 
method of Example 1 la and 1 lb. 

EXAMPLE 19 

5 6-f4-MethvlthiophenvlV5-f4-pvridvnimidazor2.1-b1thiazole. 
Formula fIA> Compoimd 

The tide compound is prepared by treating 6-(4-FluQrophenyl)-5-(4- 
pyridyl)-imidazo[2,l-b]thiazole, prepared as decribed in Example 18, according to the 
method of Example 2. 
10 EXAMPLE20 

6-f4-McthvlsulfinvlphenvlV5"f4'pvridvlMmidazor2,l-b1thiazole. 
Forpi\ila ffA) 9?mpoun4 

The title compound is prepared by treating 6-(4-methylthiophenyl)-5-(4- 
pyridyl)imida2o[2,l-b]thiazole, prepared as described in Example 19, according to the 

1 5 method of Example 6. 

EXAMPLE21 
6-f 4-Ruorophen vlV5-f 4-T)vridvlMmidazorZ 1 -b1 oxazole . 
Formula (lA) Compound 

The tide compound is prqpaied by treating 2-aminooxa2ole according to 
20 the method of Example 11a and lib. 

EXAMPLE 22 

6-(4-MethvlthiophenvlV5*(4-pvridvlMmidazor2.1-b1oxazole. 
Formula (lA^ Compound 

The title compound is prepared by treating 6-(4-Huorophenyl)-5-(4- 

2 5 pyridyl)imidazo[2,l-b]oxa2ole, prepared as decribed in Example 21, according to the 

method of Example 2. 

EXAMPLE23 

6-f4*MethvIsulfinvlphenvlV5-(4-pvridvlMmidazor2.1-b1oxazole. 
Formula (lA) Cpmpouncj 

3 0 - The tide compound is prepared by treating 6-(4-methylthiophenyl)-5-(4- 

pyridyl)-imida2o[2,l-b]oxazole, prepared as described in Example 22, according to the 
method of Example 6. 

EXAMPLE 24 
2-(4-Fluorophen vl V3"f4-pvridvlMmidazor 1 .2'a1pvrimidine . 
3 5 Formula (TA) Compound 

a) 2*f4'FluoTDDhenvlMmidazorL2'a1pvrimidine 
Formula fO Compound), 

The tide compound is prepared by treating 
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2-aininopyriiDidine according to the method of Example 1 la and 1 lb. 

2-f4-FluoronhenvlV3-r4-nvr TdvlMmida7ori.2-a1nvrimiriinft 
Formula HX^ nnmpn^nrf 

TTie title compound is prepared by treating 2-(4-fluorophenyl)- 
5 imidazo[l,2-a]pyrimidine, prepared as described in Example 24a, according to the 
method of Example 10b and 10c 

EXAMPLE25 

2.^4-MethvUhinphftnYlV' ^-f4-pvridvlMinidazori.2.a1nvriniiriin.> 

Formula fTA^ rnmpnnn/^ 

1 0 The tide compound is prepared by treating 2-(4-Fluorophenyl)-3-(4- 

pyridyl>imida2o[U-a]pyrimidine, prepared as decribed in Example 24, according to 
the method of Example 2. 

EXAMPLE26 

2-f4-Methvlfai1finYlphAnvlV3.f4-pvri dvnimidaznri.2-a1nvriTriiriinft 
1 5 Formula H A) Compnim^ 

The title compound is prepared by treating 2-(4-methylthiophenyl)-3-(4- 
pyridyl)-imidazo[U-a]-pyrimidine, prepared as described in Example 25, according to 
the method of Example 6. 

EXAMPLE 27 

^0 2-f4-MethvlthiophenvlV^.f4.pvndvlVfi.7^ihvdr or5H1imida7nr7.t-biri.31thia7inft 
Formula (TA't rr»mpAnnH 

The tide compound is prepared by treating 2-(4-£lucax)phenyl)-3-(4- 
pyridyl)-6,7-dihydro[5H]imidazo-[2,l-b][l,3]thiazine, prepared as disclosed in Bender 
£Lal.. U.S. Patent Number 4,803,279, according to die method of Example 2. 
25 Formula (JA) Compound 

The tide compound is prepared by treating 2-(4-metiiylthiophenyl)-3-(4- 
pyridyl>6.7-dihydro[5H]imidazo-[2.1-b][l,3]thia2ine, prepared as described in 
Example 27 above according to die method of Example 6. 

The above description fully discloses the invention including preferred 

3 0 embodiments thereof. Modifications and improvements of die embodiments 

specifically disclosed herein are widiin die scope of die following claims. W^itiiout 
further elaboration, it is beKeved tiiat one skilled in die art can, using die preceding 
description, utilize die present invention to its ftdlest extent. Therefore die Examples 
herein are to be construed as merely illustrative and not a limitation of die scope of die 

3 5 present invention in any way. The embodiments of die invention in which an exclusive 
property or privilege is claimed are defined as follows. 
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CLAIMS 

What is claimed is: 

1. A method of inhibiting the producdon of interleukin-1 (IL-1) by coonocytes and/or 
5 macrophages in a human in need dicreof which comprises administering to such human 
an effective, IL-1 production inhibiting amount of a conq)ound of die formula 




FORMULAO) 

10 wherein: 

Wi is -(CR4R5)-(CR6R7K -CR5=CR7-, -N=CR7-. -S(0)in- 

or-O; 

n is 0 to 2; 

one of Rj and Rq is 4-pyridyl or Cj^ alkyl-4-pyridyl, provided that 
15 when Ri is Ci_4 aIIq^I-4-pyridyl the alkyl substituent is located at the 2-position of the 
pyridine ring, andtheotherof Rj andRQis 

(a) phenyl or inonosubstituted phenyl wherein said 
substituent is C1.3 alkylthio, C1.3 alkylsulfinyl, C2.5 1-alkenyl-l-thio, 
C2^5 1-alkenyl-l-sulfinyl, C3.5 2-alkenyl-l-duo, C3-5 2-alkenyl-l- 

2 0 sulfinyl, 1-acyloxy-l-alkylthio, C1.2 alkoxy, halo, C1.4 alkyl or Z 

wherein Z is - S-S - Zj and Zi is phenyl or C1.9 alkyl ; or 

(b) disubstimted phenyl wherein said substitutents aiev' 
independendy, C1-3 alkylthio, C1.2 alkoxy, halo or Ci^ alkyl; or 

(c) disubstituted phenyl wherein one of said substituents is 
25 C1.3 alkylsulfinyl, C2-5 1-alkenyH-thio, C2.5 1-alkenyl-l-sulfinyl. 

03,5 2-alkenyH-diio, C3.5 2-alkenyH-sulfinyl or 1-acyloxy-l- 
alkylthio and the otha: is C1.2 alkoxy, halo, or alkyl; 

(d) disubstituted phenyl wherein the substituents arc the same 
and are C1-3 alkylsulfinyl, C2-5 l-alkenyl-l-thio, C2-5 1-alkenyH- 

30 sulfinyl, C3-5 2-alkenyH-thio, €3-5 2-alkenyH -sulfinyl or 1-acyloxy- 

1 -alkylthio or wherein the substituents togetiier form a methylene dioxy 
group; or 

(e) monosubstituted phenyl wherein the substiment is 



wo 91/00092 PCrAJS90/03367 

-73- 

R3 ^ 




N 



tisOorl; Wi,Ri,R2.R3,R4,R5tR6.R7.R8 andRpareas 
defined above; 

5 provided that 

(1.) when Wi is -(CR4R5HCR6R7)- then 

nisOor l;aiid 

R2> ^4* ^5* R6» ^ independently, -H or C1.2 

alkyl; andwhen Rj or Rq is 4-pyridyl, the other of Rj and Rq is other 
0 than mono-Ci.2 alkoxy-substituted phenyl or mono-halo-substimted 

phenyl; or 

when n is 0, R4 and R5 together form an 0x0; R4 and Rs may both be 
fluoro, or one of R4 and R5 is H and the other is OH; or 
(2.) when Wi is -CRs^CR?- or .N=CR7- then 

5 n is 1; 

R3, R5, R7 and R9 are, independendy, -H or C1.2 alkyl; and 

R2 and Rg together represent a double bond in the B ring such that the 

B ring is an aromatic pyridine or pyrimidine ring; 
(3.) whenWi isS(0)mthen 

0 misO, lor2; 

nis 1 or 2; and 

R3 and R9 are, independently, -H or C1.2 alkyl; 

R2 and Rg are, independently, -H or C1.2 alkyl or R2 and Rg together 

represent a 

5 double bond in the B ring such that the B ring is an aromatic thiazole 

ring; 

further provided that: 

(a) when R2 and Rg are, independendy, -H or C1.2 alkyl and 
Rl or Rq is 4-pyridyl, then the other of Rj and Rq is other than 

0 mono-C \ _2 alkoxy-substituted phenyl or mono-halo-substituted 

phenyl; and 

(b) when R2 and Rg together represent a double bond in the B 
ring such that the B ring is an aromatic thiazole ring, then m is 0 
and nis 1; and 
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(4) when Wj is -O- then 

nisi; 

R3 and R9 arc, independently, -H or C1.2 alkyl; and 
R2 and Rg togcthff represent a double bond in the B ring such that the 
5 Bring is an aromatic oxazole ring; 

or a phannaceuticaily acceptable salt tha:eo£l 

2. The method of Claim 1 wherein: 

Wi is -(CR4R5)-(CR6R7K -CR5=CR7-, or -8(0)^-; 
1 0 one of Ri and Rq is 4-pyridyl or C1.2 alkyl-4-pyridyl, provided that 

when Rj is C1.2 allcyl-4-pyTidyl the alkyl substituent is located at the 2-position of the 
pyridine ring, and the other of Rx and Rq is 

(a) nwnosubstituted phenyl wherein said substituent is C1.2 
alkylthio, C1.3 alkylsulfinyl, 1-acyloxy-l-alkylthio, C1.2 alkoxy or 

15 halo; or 

(b) disubstituted phenyl wherein said substitutents are, 
independently, Ci,2 alkylthio or Ci_2 alkoxy, or 

(c) disubstituted phenyl whwcin one of said substituents is Ci-2 
alkylsulfinyl or 1-acyloxy-l-alkylthio and the other is Ci.2 alkoxy, or 

20 (d) disubstituted phenyl wherein the substituents are the same 

and are C1.2 alkylsulfinyl or 1-acyloxy-l-alkylthio or wherein the 

sutetituents togethor form a methylene dioxy group; 

provided dian 

(1.) when Wi is -(C3R4R5)-(CR6R7)- then 
25 nisOorl;and 

R2, R3, R4, R5» R7. R8» and R9 are -H; and 
when Rj or Rq is 4-pyridyl, the other of Rj and Rq is other than mono- 
C1.2 alkoxy-substituted phenyl or mono-halo-subsrituted phenyl; or 
when n is 0, R4 and R5 together form an 0x0; R4 and R5 may both be 
30 fluoro, or one of R4 and R5 is H and the other is OH; or 

(20 when is -CR5-CR7- then 

nis 1; 

R3, R5, R7 and R9 arc -H; and 

R2 and Rg together represent a double bond in the B ring such that the 

35 B ring is an aromatic pyridine ring; 

(3.) when Wi is S(0)ni then 

m is 0, 1 or 2; 
nis 1 or 2; and 
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R3 and R9 arc -H; 

R2 and Rg arc -H or R2 and Rg together represent a double bond in the 
B ring such that the B ring is an aioniatic thiazole ring; 
further provided that: 

(a) when R2 and Rg are -H and Ri or Rq is 4-pyridyl. ien the 
other of Rj and Rq is other than mono-Ci.2 alkoxy-subsriiuted 
phenyl or mono-halo-substituted phenyl; and 

(b) when R2 and Rg together represent a double bond in 
the B ring such that the B ring is an aromatic thiazole ring, then 
misOandnis l;and 
(4) when is -O- then 

nis 1; 

R3 and R9 arc -H; and 

R2 and Rg together represent a double bond in the B ring such that die 
B ling is an aromatic oxazole ring; 
or a phaimaceutically acceptable salt thereof. 

3. The method of Qaim 2 wherein the compound is 

2.(4-mediylduophenyl).3-(4-pyridyl).6,7-dihydio-[5H]-pyrrolo- 
tl^-a]imidazole; 

2-(4-methylsumnylphenyl)-3-(4-pyridyl)-6jKlihydio-[5H]-pynx)lo- 
[l,2-a]imidazole; 

2-(4-ethylthiophenyl).3-(4-pyridyl)-6J-dihydro-[5H]-pyrrolo- 
[l^-a]imidazole; 

2-(4.etiiylsulfmylphenyl)-3-(4-pyridyl)-6J.dihydro-[5H]-pynx>lo- 
[l,2-a]imidazoIe; 

2-(4-methylthiophenyl)-3-(4-(2-methyl)pyridyI)-6,7-dihydro-[5H]- 
pyrrolo[l^-a]imidazole; 

2.(4-methylsulfmylphenyl).3-(4.(2-methyl)pyridyl)-6J-dihydiD-[5H]- 
pyirolo[l^-alimida2ole; 

2-(4-methoxyphenyl)-3-(4-pyridyl)-imidazo-[l,2-a]-pyridine; 
5-(3,4-(methylenedioxy)phenyl)-6-(4-pyridyl)-23-dihydroimidazo- 
2,l"bl-thiazoIe; 

2-(4-methoxyphenyl)-3-(4-(2-metiiyl)pyridyl)-6,7- 

dihydro-[5H]-pyrrolo[l,2-a]imidazole; 
2-(4-acetoxymediyltiiiophenyl)-3-(4-pyridyl>6,7- dihydn>[5H]- 
pyrroIotl.2-a]imidazole; 
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2-(trimethyIa(»tylthiophcnyl)-3-(4-pyridyl)-6,7-dihydro-[5H]- 

pyiTolo[ l,2-a]miidazolc; 
6-(4-inethyltMophcnyI)-5-(4-pyiidyl)-23-<^ 

[2,l-b]thiazole; 

5- (4-methylthiophenyl)-6-(4-pyiidyl>23-dihydr^ 

[2.1-b]thiazole; 

H4-mcthyltMophenyl)-2-(4-pyridyl)-6J-^ydio-[5I5-pyTO 

[l,2-a}iinidazole; 
2-<4-propyltMophcnyl>3-(4-pyridyl)-6,7Kiihydxo-[^ 

[l,2-a]-iimdazolc; 
2-(4-inethyltiuq)henyl)-3K4-(2-^thyl)pyridyl)-6J-dihyd^ 

pynolo-[l,2-a]-imidazole; 
2-(4-Mcrc2ptophenyI)-3-(4-pyridyl)-6J-dihydio-[5H]-pyTO 

[1 ,2-a]-imidazoIe disulfide; 
2-Phenyl-3-pyridyl-^J-dihydio-[5H]-pyirolo-[l>a]iimdazolc; 
2-(4-Methoxyphenyl)-3-(4-pyridyl)-6J-[5H]-pyirolch[l^-a]im 

6- (4-Medioxyphenyl)-5-(4-pyridyl)-2,3-dihydroiiiridazo[2, 1-b]- 

thiazole; 

2-4-Bromophenyl-3-pyridyl-^7Kiihydro-[5H]-pyiTolc>-[l,2-a]- 

2-<4-Methoxyphcnyl)-3-(4-pyridyl)-7-oxo-5,6-dihydn>-|7^ 
[l,2*a]-inudazoIc; 

5,6-dihydn>-2-(4-Methoxyphenyl>-3-(4-pyridyl)-[7H]-pyiiolo-[l,2-a]- 

imidazole-7-ol; or 
5,6-dihydro-7J-dffluoro-2-(4-Mcthoxyphenyl)-3-(4-pyridyl)-^ 

pynDlo-[l,2-a]-irmda2olc; 



or a phannaceutically acceptable salt of any one of tiie above compounds. 

4. The method of Claims 1 to 3 wherein the route of administradon is parenteral, oral, 
topical, or by inhalation. 

5. A compound of ttiefcMrmula: 




wo 91/00092 



PCrAJS90/03367 



-77- 
FORMULAOA) 

wherein: 

W is -CR5=CR7-. -N=CR7-. -S(0)m- or -0-; 
5 one of Ri and Rq is 4-pyiidyl or Ci^ aIkyl-4-pyridyl, provided that 

when Ri is Ci^ alkyl-4-pyridyl the alkyl substituent is located at the 2-posirion of the 
pyridine ring, and the other of Ri and Rq is 

(a) phenyl or monosubstituted phenyl wherein said 
substituent is C1.3 aUqrlthio, C1.3 allqrlsulfinyl, C2.5 1-aIkenyl-l-thio, 
^° C2.5 1-alkenyl-l-suIfinyl, C3.5 2-alkenyl-l-thio, C3.5 2-alkenyl-l- 

sulfinyl, 1-acyloxy-l- alkylthio, C1.2 alkoxy, halo, Ci^ allgrl or Z 
wherein Z is - S-S - Zi and Zi is phenyl or C1.9 allqrl ; or 

(b) disubstituted phenyl wherdn said substitutents are, 
independendy, Ci.sallqrlthio, C1.2 alkoxy, halo or Ci^ alkyl; or 

(c) disubstituted phenyl wherein one of said substituents is C1.3 
alkylsulfinyl, C2.5 1-alkenyH-thio, C2.5 l-alkenyl-l-sulfinyl, C3.5 2- 
alkenyl-l-thio, C3.5 2-alkenyl-l- sulfinyl or l-acyloxy-l-alkylthio and 
the other is C1.2 alkoxy, halo, or Ci^ allq^l; 

(d) disubstituted phenyl wherein the substituents are die same 
2° and are C1.3 alkylsulfinyl, C2.5 1-alkenyl-l-tiiio, C2.5 l-alkenyl-l- 
sulfinyl, C3.5 2-alkenyl-l-thio, C3.5 2-alkenyl-l-sulfinyl or 1-acyloxy- 
1-alkyItiiio or wherein substituents togedier fonn a metiiylene dioxy 
group; or 

(e) monosubstituted phenyl wherein die substituent is 

R2-7— (C)„-Rs 

t is 0 or 1; Wi. Ri, R2, R3, R4, R5. Rg, R7, Rg and R9 arc as 
defined above; 

provided that: 

(1.) when W is -CR5=CR7- or -N=CR7- then 
30 nisi; 

R3» R5» R7 R9 are. independendy, -H or C1.2 alkyl; 

R2 and Rg together represent a double bond in the B ring such that the 

B ring is an aromatic pyridine or pyrimidine ring; and 
(2.) when Wis S(0)in; 
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m is 0,1 or 2; 

nis 1 or 2; 

R3 and R9 are, independently, -H or C1.2 alkyl; and 
R2 and Rg arc, independendy, -H or C1-2 alkyl; then 
5 one of Rj or Rq is 4-pyridyl, and the other of Rj and Rq is: 

(a) monosubstituted phrayl wherein said subsdtuent is 
selected fipom C2.5 1-alkenyH-thio, C2-5 l-alkenyl-l-sulfinyl, 
C3.5 2-alkenyH-thio, C3.5 2-aIkcnyl-l-sulfinyl, 1-acyloxy-l- 
alkylthio;or 

10 (b) disubstituted phenyl wherein said subsdtuents are 

independendy selected fiom C1.3 alkylthio or halo; or 

(c) disubstituted phenyl wherein one of said subsdtuents 
must be C1.3 alkylthio, Cj.s alkylsulfinyl, C2.5 1-alkenyH- 
thio. C2-5 l-alkenyH-sul£inyl, C3.5 2-alkcnyH-thio, C3.5 2- 
15 alkenyl-l-sulfinyl or 1-acyloxy-l-alkylthio and die odier is 

selected from Ci_2 altoxy* halo or Cj^ alkyl; and 
(3.) when Wis 8(0)^; 

misO; 
n is 1; and 

2 0 R2 and Rg togedier represent a double bond in the B ring such that the 

B ring is an aromatic thiazole ring; then 
R3 and R9 are, independendy, -H or Ci_2 alkyl; and 
(4,) when W is -O- dien 
nis 1; 

25 R3 and R9 are, independendy, -H or C1.2 allqrl; and 

R2 and Rg together represent a double bond in the B ring such that^the 
B ring is an aromatic oxazole ring; or 
or a pharmaceuticall acceptable salt thereof. 

30 6. The compound of Claim 5 wherein: 

W is -CR5=CR7-, -NMZRy-, -S(0)in- or -O; 
one of Rj and Rq is 4-pyridyl or C1.2 alkyl-4-pyridyl, provided that 
when Rj is C1.2 alkyl-4-pyridyI the alkyl substituent is located at the 2-position of the 
pyridine ring, and the otiier of Rj and Rq is 
35 (a) monosubstituted phenyl wherein said substituent is C1.2 

alkylthio, C1.2 alkylsulfinyl, C2-3 1-alkcnyl-l-ihio, 2-propenyH-thio, 
1-acyloxy-l-alkylthio, C1.2 alkoxy, halo; or 
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(b) disubstituted phenyl wherein said substitutcnts are, 
independenUy, Ci.2alkylthio or C1.2 alkoxy; or 

(c) disubstituted phenyl wherein one of said substitucnts is C1.2 
alkylsulfinyl,C2.3 l-alkenyl-l-thio,2-propenyl-l-thioor 1-acyloxy-l- 

5 alkylthio and the other is C1.2 alkoxy; or 

(d) disubstituted phenyl wherein the substituents are the same 
and are C1.2 alkylsulfinyl, C2.3 1-alkenyl-l-thio, 2-propenyl-l-thio or 
1-acyloxy-l-alIgrithio or wherein the substituents together form a 
methylene dioxy group; 

10 provided than 

(1.) when W is -CR5=CR7- or -l^^CR-j- then 
nis I; 

R3, R5, R7 and R9 arc -H; 

R2 and Rg together represent a double bond in the B ring such that the 

^ ^ B ring is an aromatic pyridine or pyrimidine ring; and 

(2.)whenWisS(0)n,; 

misO, 1 or 2; 

nis lor 2; 

R3andR9are-H;and 
20 R2 and Rg arc -H; then 

one of Ri or Rq is 4-pyridyl, and the other of Rj and Rq is: 

(a) monosubstituted phenyl wherein said substituent is selected 
fromC2.3 l-alkenyl-l-thio, 2-propenyl-l-thio or 1-acyloxy-l- 
alkylthio; or 

^ ^ (b) disubstituted phenyl wherein said substituents are C1.2 

alkylthio; or 

(c) disubstituted phenyl wherein one of said substituents must be 
C1.2 alkylthio, C1.2 alkylsulfinyl, C2.3 l-alkenyl-l-thio, 2- 
propenyl-l-thio, or l-acyloxy-l-alkylthio and the other is C1.2 
alkoxy; and 
(3.) when Wis 8(0)^; 

misO; 
nis 1; and 

R2 and Rg together represent a double bond in the B ring such dial the 
^ ^ B ring is an aromatic thiazole ring; then 

R3 and R9 are, -H; and 
(4.) when Wis -O- then 
nis 1; 
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R3 and R9 arc -H; and 

R2 and Rg togedier represent a double bond in the B ring such that the 
B ring is an aromatic oxazole ling; 
or a phaimaceatically acceptable salt thereof! 

5 

7. The compound of Claim 6 which is 

6-(4-fluorophOTyl)-5-(4-C2-mcdiyl)pyridyl>23-dihydroiinidazo[2,l-b]dua2ok^^ 
6-(4-mefliylthiophenyl)-5K4K2-methyl)pyridyl)-2,3-dihydioimidazo- 
[2,l-b]thiazole; 

10 6-(4-£luoiophenyl)-5-(4-(2-methyl)pyridyI)-23-dihydioimidazo[2,l-b]- 
tUazole-l-oxide; 

6-(4-mediylthiophenyl)-5-(4-(2-mediyl)pyridyl)-23-dihydiDimidazo- 
[2,l-b]thiazole- 1-oxide; 

6-(4-methylthiophenyl)-5-(4-(2-methyl)pyridyl)-23-dihydioimidazo- 
15 t2,l-b]thia2ole-l,l-dioxide; 

6-(4-methylsulfinylphenyl)-5-(4-(2-methyl)pyridyl)-23-dihydiDimida2o- 
[2,l-b]thia20le; 

6-(4-methylsulfinylphenyl)-5-(4-(2-methyl)pyridyl)-2,3-dihydroimidazo- 
[2,l-b]diiazole-l,l-dioxide; 

6-(4-Q-mediyH-pibpenylthio)phenyl)-5-(4-(2-methyl)pyridyl>23- 

dihydioimidazo[2,l-b]thiazole; 
2-(4-methoxyphenyl)-3-(4-pyridyl)imidazo[U-a]-pyridine; 
2-(4-fluorophenyl)-3-(4-pyridyl)imidazo[l>a]-pyridine; 
2-(4-methylthiophenyl)-3-(4-pyridyl)imida2o[U-a]-pyridine; 
2-(4-methyIsuIfinylphenyl)-3-(4-pyridyl)imidazo[l>a]-pyridine; 
2-(4-acetoxymediylthiophenyl)-3-(4-pyridyl)imidazo-[l,2-a]-pyridine; 
2-(4-(2-propenyl-l-thio)phenyl)-3-(4-pyridyl)-iniida2o[l^-a]-pyridine; 
2-(4-pyridyl>3-(4-inediylsulfinyl)phenyl)imidazo[l>a]-pyiidine; 
2-(4-pyridyl)-3-(4-methylthiophenyI)imidazo[l>a]-pyridine; 
2-(4-pyridyl)-3-(4-mcthylsulfinyl)phenyl)imida20-[l>a]-pyridine; 
6-(4-fluorophenyl)-5-(4-pyridyl)imidazo[2,l-b]-thiazole; 
6-(4-niethylthiophenyl)-5-(4-pyridyl)imidazo[2,l-b]-thia2ole; 
6-(4-methylthiophenyl)-5-(4-pyridyl)iinidazo[2,l-b]-oxazole; 
6-(4-methylsulfinylphenyl)-5-(4-pyridyl)imidazo-[2,l-b]-oxazole; 
2-(4-fluorophenyl)-3-(4-pyridyl)imidazo-[l,2-al-pyrimidine; 
2-(4-methylthiophenyl)-3-(4-pyridyl)imidazo[l^-a]-pyrimidine; 
2-(4-methylsulfinylphenyl)-3-(4-pyridyl)imidazo[ia-a]pyrimidine; 
2-(4-methylthiophenyl)-3-(4-pyridyl)-6,7-dihydio-[5Hl-imida20- 
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[2,l-b][l,3]thiazinc; or 

2-<4-methylsulfinylphenyl)-3-(4-pyiidyl)-6jKlihy(iro[5H]iniida20- 
[2,l-b][U]thia2ine: 
or a phannaceutically accepable salt of any one of the above compounds. 

5 

8. The compound of Claim 7 which is 2-(4-methoxyphenyI)-3-(4-pyridyl)- 
imida20-[l^-a]-pyridine. 

9. A phannaceutical composition having EL-l inhilritoiy activity comprising a 
1 0 phannaceutically acceptable earner or diluent and a compound of Qaim 5. 

10. The composirion of Claim 9 wherein the compound is 2-(4-methoxyphenyl)-3-(4- 
pyridyl)-imidazo-[l,2-a]-pyridine. 

15 1 1. The composirion of Claim 9 which is in a form suitable for parenteral 

administration, oral administration, topical administration, or administration by 
inhalation. 



12. A compound of the formula : 

20 




FORMULA P) 



, or a phaimaceutically acceptable salt thereof, 
25 wherein: 

W is -CR5=CR7-, -N=CR7., -S- or -0-; 

Yi is 4-(l,4-dihydro)pyridyl substituted witii N-(Ci.8 alkanoyl), N- 
(Ci.8 alkoxycarbonyl), N-benzoyl, N-phenoxycarbonyl, N-phenylacetyl, or N- 
ben^loxycarbonyl; 

^ ° Yo is (a) phenyl or monosubstinited phenyl wherein said substituent is 

C1.3 alkylthio, C1.2 alkoxy, halo, -H, or C1.4 alkyl; or (b) disubstituted phenyl 
wherein said substitutents are, independentiy, C1.3 alkylthio, C1.2 alkoxy, halo. Ci., 
alkyl, or the disubsiituents together form a methylene dioxy group; 
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provided thad 

(1.) when W is -CR5MZR7- or -N=CR7- then 
nis 1; 

R3, R5, R7 and R9 are, independendy, -H 
orCi_2S^lj 

R2 and Rg together represent a double bond across the two adjacent 
carbon atoms in the B ring so as to fonn an aiomadc pyridine or 
pyrimidine ring; and 
(2.) when W is -S- or -O- then 
nis 1; 

R3 and R9 are, indcpendcndy, -H or Ci_2 alkyU and 
R2 and Rg together represent a double bond in the B ring such that the 
B ring is an aromaric thiazole or oxazole ring. 

15 13. The compound of Claim 12 which is 2-(4-methoxyphenyl)-3-(l- 

etho;grcarbonyl-l,4-dihydropyridyl)-imida2o[l,2-a]pyridine or a phaimaceuncally 
acceptable salt thereof. 

14. A conq)oimd of the formula: 




FORMULA (E) 



. or a phaimaceutically acceptable salt thereof, 
25 wherein: 

W is -CR5=CR7-, •N=CR7-, -S- or -O; 

one of Zi and Zq is 4-(l^-dihydro-2- 
alkyl)pyridyl substimted with N-(Cl-8 alkanoyl), N-(Cl-8 alkoxycarbonyl), N- 
benzoyl, N-phenoxycarbonyl, N-phenylacetyl, or N-benzyloxycarbonyl; and the other 
30 ofZiandZois 

(a) phenyl or monosubsdtuted phenyl wherein said substiment is 
selected from C1-3 alkylthio, C1.2 alkoxy, halo, -H, or Cm alkyl; or 



wo 91/00092 PCTAJS90/03367 

-83- 

(b) disubstituted phenyl wherein said subsritutents are independenUy 
selected from C1.3 alkylthio. C1.2 alkoxy. halo, Ci^ alkyl, or the 
disubstituents togedier form a methylene dioxy group; 

provided that: 
5 (1.) when W is -CR5=CR7- or -N=CR7- then 
n is 1; 

R3, R5, R7 and R9 are, independently, -H or C1.2 alkyl; 
R2 and Rg together represent a double bond in die B ring such that the 
B ling is an aromatic pyridine or pyrimidine ring; and 
10 (2.) when W is -S- or -O- then 
nis 1; 

R3 and R9 are, independendy, -H or C1.2 alkyl; and 
R2 and Rg are, independendy, -H or C1.2 alkyl or togedier represent a 
double bond in die B ring such diat die B ring is an aromatic diiazole or 
^5 oxazolering. 

15. The compound of Claim 14 which is 5-(4-(l-acetyl-2-mediyI)-l> 
dihydropyridyl)-6-(4-fluoro- phenyl)-2,3-dihydroimidazo[2,l-b]thia2ole or a 
phannaceutically acceptable salt thereof. 



20 



25 



16. A compound of the fomiula: 



R 

73 I 

Rz-/— (C)n-Rs 

Y 
-N 

FORMULA (F) 



wherein: 

W is .CR5=CR7-, .N=CR7-, -S- or -a; 
RlO is Ci^ alkyl; and 

X2 is 4-pyridyl or mono-Ci^alkyl-substituted pyridyl; 

30 provided that: 

(1.) when W is -CR5=CR7- or -NrCRy- then 
nis 1; 

R3» ^5' R9 are, independently, -H or C1.2 alkyl; 
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R2 and Rg together represent a double bond in the B ring such that the 
B ring is an aromatic pyridine or pyrimidine ring; and 
(2.) when W is -S- then 
nis 1 or 2; 

5 R3 and R9 are, independendy, -H or C1.2 alkyi; 

fimfaw pnmded that: 

(a,) when W is -S- and n is 1 then R2 and Rg are, independendy, -H 
or Cx.2 or together represent a double bond in the B ring 

such that the B ring is an aromadc thiazole ring; and 
10 (b) when W is -S- and n is 2 then R2 and Rg are, independendy, -H 

or Ci_2 allcyl; and 
(3.) when W is -O- then 
nisi; 

R3 and R9 are, independendy, -H or C1-2 all^l; and 
15 R2 and Rg repesent double bonds in the B ring such that the B ring is an 

aromatic oxazole ring. 

17. The compound of Claim 16 which is 2-(4-pyridyl)-3-(imidazo[l^-a]pyridyl)-tri-n- 
butyltin. 



20 



25 



18. A compound of the formula: 



r 



V 



'0 

FORMULA (G) 
, or a phannaceutically acceptable salt thereof, 
wherein: 

W is -CRs^Rv", -N=CR7-, -S- or -0-; 
3 0 one of Vj or Vq is 4-pyridyI or alkyI-4-pyridyl, provided that 

when Vj is Ci^alkyl-4-pyridyl the alkyl substitutent is located at the 2-position of the 
pyridine ring, and the other of Vj and Vq is selected ftom: 

(a) monosubstituted phenyl wherein said substituent is mercapto; 

or 
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(b) disubstituted phenyl wherein one of said substituents must 
be mercapto and the other is selected from m^rcapto. C1.2 alkoxy. halo. 
orCi^alkyl; 

provided diat: 
5 (1.) when W is -CR5=CR7. or -N=CR7- then 
nis 1; 

R3. R5. R7 and R9 are, independendy, -H or C1.2 alkyl; and 
R2 and Rg together represent a double bond in 

the B Xing such that die B ring is an aromatic pyridine or pyrimidine 
^0 ring; and 

(2.) when W is -S- then 
nis 1 or 2; 

R3 and R9 are, independendy, -H or C1.2 alkyl; 

further provided that 

^h^" W is -S- and n is 1 then R2 and Rg are. independently, -H 
or C1.2 alkyl or together represent a double bond in die B ring 
such that die B ring is an aromatic diiazole ring; and 

(b) when W is -S- and n is 2 dien R2 and Rg are, independendy, -H 
orCi.2allqrl;and 
20 (3.)whenWis-0-tfien 

nis 1; 

R3 and R9 are, independendy, -H or C1.2 alkyl; and 
R2 and Rg repesent double bonds in die B ring such diat die B ring is an 
aromatic oxazole ring. 



25 



30 



19. The compound of Qaim 18 which is 

6-(4-mercaptophenyl)-5<4-(2-mediyI)pyridyl)-23-dihydrdmida2o-[2.1-b]-dik^^ 

2-(4-meicaptophenyl)-3-(4-pyridyl)iniidazo[l,2.a]pyridine;oraphaxmaceutically 
acceptable salts of any of die above compounds. 

20. A compound of die formula: 




FORMULA (Q 
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, or a phaimaceotically acceptable salt thereof, 
wherein: 

W is -CR5=CR7-, -N^CRy-, -S- or -O; 
5 X is 4-pyridyl or mono-Cj^ allgrl-substituted pyridyl; 

provided that: 

(L) when W is -CR5=CR7- or -N=CR7- then 
nis 1; 

R3, R5, R7 and R9 are, indcpcndendy, -H or C1.2 alkyl; 
10 R2 and Rg together represent a double bond in the B ring such that the 

B ring is an aiomadc pyridine or pyrimidinc ring; and 
(2.) when Wis -S- then 
nis 1 or 2; 

R3 and R9 are, ind^endendy, -H or Ci_2 alkyl; 
15 further provided that 

(a) when W is -S- and n is 1 then 

R2 and Rg are, indqpendcndy, -H or C1.2 allg^l or together 
represent a double bond in the B ring such that the B ring is an 
aromadc thiazole ring; and 
20 (b) when W is -S- and n is 2 then 

R2 and Rg are, indq>endendyi -H or C1.2 alkyl; and 
(3.) when Wis -O- dien 
nisi; 

R3 and R9 are, independentiy, -H or C1.2 alkyl; 
25 R2 and Rg togedier represent a double bond in the B ring such that the 

B ring is an aromatic oxazole ring. 

21. The compound of Qaim 20 which is 2-(4-pyridyl)-imidazo-[l,2-a]-pyridine or a 
pharmaceutically acceptable salt thereof. 



30 



22. A mcdiod of inhibiting the production of tumor necrosis factor (TNF) by 
nK>nocytes and/or macrophages in a human in need diereof which comprises 
administering to such human an effective, TNF production inhibiting amount of a 
coiiq)ound of Formula (II): 



35 
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wheran: 



Wi is -(CR4R5HCR6R7)-, .CR5=CR7.. -N=CR7.. -S(OW or -0-; 
5 one of Ri and Ro is 4-pyTidyl or Cm alkyl-4-pyridyl, provided that 

when Ri is Cm alkyl^pyrfdyl the alkyl substituent is located at the 2-posidon of 
the pyridine ring, and the other of Rj and Rq is 

(a) phenyl or monosubstitoted phenyl wherein said 
substituent is C1.3 alkylthio. C1.3 alkylsulfinyl, C2.5 1-alkenyI-l-thio, 
^2-5 1-alkenyl-l-sulfinyl, C3.5 2-alkenyl-l-thio, C3.5 2-alkenyl-l- 
sulfinyl. l-acyloxy-l-alkylthio, C1.2 alkoxy, halo. C^ alkyl or Z 
wherein Z is - S-S - Zi and Zi is phenyl or C1.9 alkyl ; or 

(b) disubsrituted phenyl wherem said substitutents are, 
independendy, C1.3 alkylthio. C1.2 alkoxy. halo or C^ alkjrl; or 
■""^ disubsdtuted phenyl wherein one of said substituents is 

C1.3 alkylsulfinyl. C2.5 1-alkenyl-l-thio. C2.5 1-alkenyl-l-sulfinyl. 
C3.5 2-alkenyl-l-thio. C3.5 2.alkenyl-l-sumnyl or l-acyloxy-l- 
alkylthio and the other is C1.2 alkoxy. halo, or C^ 
alkyl; or 

^ ° disubsdtuted phenyl wherein the substituents are the same 

and are C1.3 alkylsulfmyl, C2.5 1-alkenyl-l-thio, C2.5 1-alkenyl-l- 
sulfinyl, C3.5 2.alkenyl-l-thio, C3.5 2-aIkenyl-l-sumnyl or 1- 
acyloxy-l-alkylthio or wherein the substituents togedier form a ' 
methylene dioxy group; 

(e) monosubstiiuted phenyl wherein the substituent is 

« Rfl 
R2-7'— (C)„— Rs 



25 




/ V_s-(CH2„-S- 

t is 0 or 1; Wi, Ri , R2, R3, R4, R5, Rg. R7, Rg and R9 are as 
defined above; 



30 provided that 
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(1.) when Wi is -(CR4R5HCR6R7)- then 
nisO; 

a) and R4 and Rs nuy togedier fonn an 0x0; R4 and R5 are both 
flouro; or one of R4 and R5 is H and the other OH; or 
5 (2.) when Wi is -CR5=CR7- or -N=CR7- then 

nis 1; 

R3, R5, R7 and R9 arc, independentiy, -H or C1.2 alkyl; and 

R2 and Rg together represent a double bond in the B ring such that the 

B ring is an aromatic pyridine or pyrimidine ring; 
10 (3.) when Wj is S(0)^ then 

mis 0,1 or 2; 
nis 1 or 2; and 

R3 and R9 are, independendy, -H or Ci_2 alkyU 
R2 and Rg are, independendy, -H or C1.2 ^IJcyl or R2 and Rg 
1 5 together represent a double bond in the B ring such that the B ring is 

an axomadc thiazole ring; 
further provided tfiat: 

(a) when R2 and Rg are, independendy, -H or C1.2 
alkyl and Rj or Rq is 4-pyridyU then the other of and Rq is 

2 0 other a mono-fluoio-subsdmted phenyl; and 

(b) when R2 and Rg together represent a double bond 

in the B ring such that the B ring is an aromatic thiazole ring, 
then m is 0 and n is 1; and 
(4) when Wj is -O- then 

25 nisi; 

R3 and R9 are, independendy, -H or C1.2 alkyl; and 
R2 and Rg together represent a double bond in the B ring such that the 
B ring is an aromatic oxazole ring; 
or a pharmaceutically acceptable salt thereof. 

30 

23. The Metfiod of Qaim 22 wherein 

Wi is -(CR4R5HCR6R7K -CR5=CR7-, or -8(0)^-; 

one of Ri and Rq is 4-pyridyl or C1.2 alkyl-4-pyridyl» 
provided that when Rj is C1.2 alkyl-4-pyridyl the alkyl substituent is 

3 5 located at the 2-posidon of the pyridine ring, and the other of Rj and 

RqIs 



15 
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(a) monosubstituted phenyl >x*erein said substituent is C1.2 
alkyldiio, C1.2 alkylsulfinyl, 1-acyloxy-l-alkylthio, C1.2 alkoxy or 
halo, or 

(b) disubstitutcd phenyl wherein said substitutents are, 
5 independendy, C1.2 alkyldiio or C1.2 alkoxy, or 

(c) disubstituted phenyl wherein one of said substituents is 
Cl-2 alkylsulfinyl or l-acyloxy-l-alkyldiio and the other is C1.2 
alkoxy, or 

(d) disubstituted phenyl wherein the substituents are the same 
are C1.2 alkylsulfinyl or 1-acyloxy-l-alkylihio or wherein the 

substituents together form a methylene dioxy group; 

provided that: 

(1.) when Wi is KCR4R5).(CR6R7)- then 
n is 0; 

R4 and R5 together may form an 0x0; R4 and R5 arc bodi fiuoro, or 
one of R4 and R5 is H and the other OH; 
(2.) when Wi is -CRs^CRy- then 

nis 1; 

^3* ^5* R? and R9 arc -H; and 

R2 and Rg togedier represent a double bond in the B ring such diat the 
B ring is an aromatic pyridine ring; 
(3.)whenWiisS(0)njtiien 

misO, 1 or 2; 
n is 1 or 2; and 
25 R3 and R9 are -H; 

R2 and Rg are -H or R2 and Rg together represent a double bond in 
the B ring such that the B ring is an aromatic thiazole ring; 
further provided that: 

(a) when R2 and Rg are -H and Ri or Rq is 4-pyridyl, tiien 
^ ° *e o*er of Ri and Rq is odier tiian mono-fluoro-substituted 

phenyl; and 

(b) when R2 and Rg togedier represent a double bond in the B 
ring such that the B ring is an aromatic tfiiazole ring, tiien m is 
0 and n is 1; and 

35 (4.) when W is 5(0)^ then 

misO; 
n is 1; and 



20 
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R2 and Rg togetha- represent a double bond in the B ring such that the 
B ring is an aromatic thiazole ring; then 
R3 and Rg are, independently, -H or CI.2 alkyl; and 
(5.) when Wj is -O then 

5 nisi; 

R3 and R9 axe -H; and 

R2 and Rg together represent a double bond in the B ring such that the 
B ring is an aromatic oxazole ring; 
or the phannaceudcally acceptable salts thereof. 

10 

24. Themethod ofQaim 22 wherein 
L) when Wj is -(CR4R5)-(CR6R7)-; 

nisO; 

and R2 and Rg are, independendy, -H or Ci_2 Rj or Rq is 

1 5 4-pyridyl or C1-4 allq^l-4-pyridyl then the other of Rj and Ro is a 

nKHio-Ci.3 all^lthio or C1-3 alkylsulfinyl-substituted phenyl or a 

moho-halo-substituted phenyl; 
(2.) when WiisS(0)in; 

m is 0, 1 or 2; n is 1 or 2; and R2 and Rg are. independendy, -H or 
20 C1.2 Rj or Rq is 4-pyridyl, dien the other of Ri and Rq is 

other tiian mono-fluon>-subsdtuted phenyl 



25. The method of Claim 22 wherein the compound is 

2-Phenyl-3-pyridyl-6,7-dihydro-[5H]-pyrrolo-Il,2-a]iniidazole; 
25 2-4-Bromophenyl-3-pyridyl-6,7-dihydn>-[5H]-pyrrolo-[l,2-a]-imidazole; 
2-(4-Pyridyl)-3-(4-fluorophenyl)-6,7-dihydn>-[5H]-pyrrolo-[l,2-a] 
imidazole; 

2-(4-Huorophenyl^3-(4-pyridyl)-6J-dihydro-[5Hl-pyrrolo[l,2-a]- 
imidazole; 

30 3-(4-Huorophenyl)-2-(4-pyridyl)-6,7-dihydro-[5H]-pyrrolo[l,2-a3- 
imidazole; 

2-(4-Methylthiophenyl)-3-(4-pyridyl)-6,7-dihydro-[5H]-pyrrolo[l,2-a]- 
imidazole; 

2-(4-Pyridyl)-3-(4-mediylthiophenyl)-6,7-dihydro-[5H]-pyrrolo[l>a]- 
35 imidazole; 

2-(4-Mediylthiophenyl)-3-[4-(2-methylpyridyl)]-6,7-dihydro-[5H]-pyrrolo- 
[l,2-a]-imidazole; 
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2-(4-Methoxyphenyl)-3-(4-pyridyl)-7-oxo-5,6-dihydio-7H.pyrrolo- 
[1.2-a]iinidazole; 

5,6-Dihy(iro-2-(4-methoxyphenyl)-3.(4-pyridinyl)-[7H]-pyrrolo[l,2-a]- 
imidazole-7-ol; 

5 2-(4-Acetoxymethylthiophenyl)-3-(4-pyridyl)-6,7-Kiihydro-t5H]pyirolo- 
[l,2-a]-iniidazole; 

2-(4-Methoxyphenyl)-3-(4-pyridyl)-6.7Kiihydro-(5H]-pyiTolo- 
[l,2-a]imidazole; 

2-(4.Methylsulfoxyphenyl)-3-(4-pyridyl)-6,7-dihydix>-[5H]-pynolo- 
10 [i;i-a]iniidazole; 

2-(4-Ethylthiophenyl)-3-(4-pyridyl)-6.7-dihydro-[5H]-pyiTolo-[l,2-a]- 
imidazole; or 

2-(4-EthylsulfonyIphenyl).3-(4-pyridyl)-6,7-dihydn>-[5H]-pyirolo-[U-a]- 
imidazole. 

15 

26. A method of inhibiting die production of tumor necrosis factor (TNF) by 
monocytes and/or macrophages in a human in need tiiereof which comprises 
administering to such human an effective, TNF production inhibiting amount of a 
compound known as 2-(4-methyltiiiophenyl)-3-(4-pyridyl).6,7-dihydio-[5Hl. 
pyrrolo[l,2-a]-imida2ole;2-(4-Ethylduophenyl)-3-(4-pyridyl).6,7.dihydrD-[5H]- 
pynolo-[l,2-a]-imida2ole; or 2-(4-Mediyldiiophenyl)-3-[4-(2-methylpyiidyl)]-6,7- 
dihydro-[5H3-pyitolo-[U-a]-imidazoIe. 

27. A method of inhibiting the production of tumor necrosis factor (TNF) by 
monocytes and/or macrophages in a human in need tiiereof which comprises 
administering to such human an effective, TNF production inhibiting amount of a.,, 
compound known as 6-(4-Huorophenyl)-5.(4'-pyridyl).23-dihydroimidazo- 
[2,l.b]tiiia2oIe-l-oxide;6.(4-Huorophenyl)-5-(4-pyiidyl)-2,3-dihydroimida2o[2,l- 
b]dua2ole-l.l-dioxide; or 5-(4-Fluorophenyl>6-(4'.pyridyl).2,3-dihydroimidazo- 
[2.1-b]diiazole. 

28. The method of any of Qaims 22 to 26 wherein die compound is administered 
orally, parenterally, by inhalation or topically. 

29. The meUiod of Qaim 20 wherein tiie disease state is sepsis, septic shock, 
endotoxic shock, gram negative sepsis, toxic shock syndrome, cachexia, adult 
respiratory distress syndrome, bone reabsorption , cerebral malaria, chronic pulmonary 
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inflammatory disases, reperfusion injury, rheumatoid arthritis, rheumatoid spondylitis, 
osteoarthritis, gouty arthritis , Crohn's disease, uclerative colitis, or inflammatory skin 
diseases, such as pyresis. 

5 29, Aprocessforpreparingacompoundof Formula (lA) represented by the 
structure: 





10 FORMULA gA^ 

or a pharmaceutically acceptable salt thereof, 

wherein: 

W is -CR5=CR7-, -N=CR7-. -S(0)m- or -0-; 
15 one of Ri and Rq is 4-pyridyl or Ci^ alkyl-4-pyridyl, provided that when 

Rl is Ci^ alkyl-4-pyridyl the alkyl substituent is located at the 2-position of 
the pyridine ring, and the other of Rj and Rq is 

(a) phenyl or monosubstituted phenyl wherein said 
substituent is C1-3 alkyltiiio, C1.3 alkylsulfinyl, C2-5 l-alkenyl-l-thio, 
20 C2-5 1-alkenyH-sulfinyl, C3.5-2-alkenyl-l-tiuo, C3.5 2-alkenyl-l- 

sulfinyU 1-acyloxy-l-alkyldiio. C1.2 alkoxy, halo, Ci^ alkyl or or Z 
wherein Z is - S-S - Zi and Zi is phenyl or C1.9 alkyl ; or 

(b) disubstimted phenyl wherein said substitutents are, 
independentiy, Ci.3alkylthio, C1.2 alkoxy, halo or Ci^ alkyl; or 
25 (c) disubstituted phenyl wherein one of said substituents is C1.3 

alkylsulfinyl, C2-5 l-alkenyl-l-thio, C2-5 1-alkenyl-l-sulfinyl, C3.5 2- 
alkenyl-l-thio, C3.5 2-alkenyl-l- sulfinyl or l-acyloxy-l-aUcylthio and the 
other is C1.2 d^oxy, halo, or Ci^ alkyl; 

(d) disubstituted phenyl wherein the substituents arc the same and 
30 arc C1.3 alkylsulfinyl, C2.5 l-alkenyl-l-thio, C2-5 l-alkenyl-l-sulfinyl, 

C3-5-2-alkenyH-thio, C3.5 2-alkenyl-l-sulfinyl or 1-acyloxy-l-alkyltiuo or 
wherein the substituents together form a methylene dioxy group; or 
(e) monosubstituted phenyl wherein the substituent is 
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15 



t is 0 or 1; Wi, Ri, R2, R3, R4. R5, Rg, R7, Rg and R9 arc as 
defined above; 

provided that 
5 (1.) when W is -CRs^CRy- or -N=CR7- then 
nis 1; 

R3« R5» R? and R9 are, independendy, -H or C1.2 alkyl; 
R2 and Rg together represent a double bond in the B ring such diat die B ring 
is an aromatic pyridine or pyiimidine ring; and 
10 (2.)whenWisS(0)ni; 

mis 0,1 or 2; 
nis 1 or 2; 

R3 and R9 are, independently, -H or C1.2 alkyl; and 
R2 and Rg are, independendy, -H or C1.2 alkyl; Uien 
one of Ri or Rq is 4-pyridyl, and die oUier of Rj and Rq is: 

(a) monosubstituted phenyl wherein said substinient is selected from 
C2.5 1-alkenyl-l-diio, C2.5 1-aIkenyl- l-sulfinyl, C3.5 2-alkenyl-l- 
thio. C3.5 2-alkenyl-l-suffinyl. 1-acyloxy-l-alkylthio; or 

(b) disubstimted phenyl wherein said substituents are independendy 
^ ° selected ftom C1.3 alkylfliio or halo; or 

(c) disubstituted phenyl wherein one of said subsriments must be 
C1.3 alkyldiio. C1.3 alkylsulfinyl. C2.5 1-aIkenyl- 1-thio. 02.5"!- 
alkenyl-l-sulfinyl 03,5 2-aIkenyl-l-diio. C3.5 2-alkenyI. 1-sulfinyl 
or l-acyloxy-l-alkyldiio and the other is selected from C1.2 alkoxy, 

2 ^ halo or Ci^ alkyl; and 

(3.)whenWisS(0)ni; 
misO; 
n is 1; and 

R2 and Rg together represent a double bond in the B ring such that the B ring 
30 is an aromatic duazole ring; then 

R3 and R9 are, independendy, -H or C1.2 alkyl; and 
(4.)whenWis-0-dien 
nis 1; 

R3 and R9 are, independently, -H or C1.2 alkyl; and 
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R2 and Rs together represent a double bond in the B ring such that the 
B ring is an aromatic oxazole ring; 

A. When it is required to prepare a con5)oud of Formula (lA) wherein R1 is 4-pyridyl 
5 or Ci^ alkyl-4-pyridyl, reacting a conq)ound of Formula (C) represented by the 
structure 

R2-y— (C)„— Rs 

H .N^ w 



10 



IT 



Formula «^ 



wherein 
nis0to2; 

Wl is -CRs^CRv-, .N=CR7., -S- or -O; 
Xisa 

^5 a) 4-pyridyl or mono-Ci^ alkyl -4-pyTidyl ; 

b) phenyl or monosubstituted phenyl wherein the substiment is 
selected from hydrogen, halo, Ci^ alkyl, C1.3 alkylthio, or C1.2 alkoxy; or 

c) disubstituted phenyl wherein the substituents are selected ^™ 
halo, C1.3 alkylthio. C1.3 alkyl, C1.2 alkoxy, or the disubstituents togedier form a 

20 methylene dioxy group; 

provided that: 

(1.) when W is -CR5=CR7. or -N=CR7- then 
nis 1; 

R3,R5, R7 and R9 arc, independenriy, -H or C1.2 alkyl; 
^ ^ R2 Rg together represent a double bond in the B ring such that the 

B ring is an aromatic pyridine or pyrimidine ring; and 
(2.) when W is -S- then 
nis 1 ; 

R3 and R9 are, independendy, -H or C1.2 alkyl; R2 and Rg togedier 
3 0 represent a double bond in the B ring such that the B ring is an 

aromatic thiazole ring; and 
(3.) when W is -S- and 
nis lor 2; 

R3 and R9 arc independendy -H or C1.2 alkyl; 
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R2 and Rg are independently -H or C1.2 alkyl; then 
X is a disubstituted phenyl wherein the subsriutents arc selected fmm 
di(Ci.3 alkylthio), dihalo. (Ci.salkylthio) and C1.2 alkoxy; C1.3 
alkylthio and halo; C1.3 alkylthio and Cm alkyl; or C1.2 alkoxy and 
5 halo; 
(4.) when W is -O- then 
nis 1; 

R3 and R9 are, independently. -H or C1.2 alkyl; 
R2 and Rg together represent a double bond in the B ring such that the 
0 B ring is an aromadc oxazole ling; 



15 



25 



30 



with pyridine in a carbonyl halide, such as an aioyl haUde, or acyl 
halide; an aiylalkyl halofoimate ester, or an alkyl haloformate ester or with the 
prcfonned susbtituted carbonyl pyridinium salt in a solvent, such as pyridine, or a 
hydrocarbon solvent such as toluene, or a halohydrocarbon solvent , such as 
medjylene chloride, provided that X is other than 4-pyridyl or mono-CM alkyl^ 
pyridyl, to yield a compound of Formula (D) as represented by the structure: 



R 

Ra-Z—CCjn— Rg 



20 Y ^ 

Formula (Ty\ 



or a phaimaceudcally acceptable salt diereof, 
wherein: 

W is -CR5=CR7-. -N=CR7.. -S- or -0-; 

Yi is 4-(l,4-dihydro)pyridyl substituted with N-(Ci.g alkanoyl). 

N-(Ci.8 alkoxycarijonyl). N-benzoyl. N-phenoxycariwnyl. 

N-phenylacetyl. orN-benzyloxycarbonyl; 
Yois 

(a) phenyl or monosubstituted phenyl wherein said substituent 
is C1.3 alkylthio, C1.2 alkoxy. halo, or alkyl; 

(b) disubstituted phenyl wherein said substinitents are selected 
from halo, C1.3 alkylthio, C1.2 alkoxy, alkyl. or the 
disubstituents together fomi a methylene dioxy group; 
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piovided that: 
(1.) when W is -CR5=CR7- or -N=CR7- then 

nis 1; 

R3, R5, R7 and R9 are, independently, -H or C1.2 alkyl; 
5 R2 and R3 together represent a double bond across the two adjacent 

carbon atoms in the B ring so as to form an aromadc pyridine or 
pyrimidinering; and 
(2.) when W is -S- ot -O- then 
nis 1; 

10 R3 and R9 are, independendy , -H or C 1.2 alkyl; and 

R2 and Rg together represent a double bond in the B ring such that the 
B ring is an aromadc thiazole or oxazole ring. 
(3.) when W is -S-, then 
nis 1 or 2; 

15 a^ % are independendy -H or C1.2 alkyl; 

R2 and Rg are independendy -H or C1.2 alkyl; and 
X is a disubsdtuted phenyl wherein the subsdutents are selected firom 
di(Ci.3 alkylthio), dihalo(Ci.3alkyldiio) and C1.2 alkoxy; Ci_3 
alkylthio and halo; Ci_3 alkylthio and Cj^ alkyl; or C1.2 alkoxy and 

20 halo; 



followed by deacyladon and oxidation of a compound of Formula (D) and optionally 
followed by hydrolysis, reduction, oxidation of a compound of the oxidized Formula 
(D) to yield the desired final compound of Formula (lA); or 

B. When it is required to prepare a compound of Formula (lA) wherein one of Rq or 
Rj is a Ci_4 alkyl-4-pyiidyl, deacylating and aromatizing a dihydropyridine 
compound of Formula (E) as represented by die structure: 




R2-7— (C)n— Rfi 



30 




Formula CE) 



or a pharmaceutically acceptable salt thereof, 
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wherrin: 

Wis-CR5=CR7-.-N=CR7-.-S-or-0-; * 

one of Zi and Zq is 4-(l^-dihydro-2-alkyl)pyridyl substituted with 

N-(Ci.8alkanoyl), N-CCi.galkoxycarbonyl). N-benzoyl, N-phenoxy- 

5 carbonyl, N-phenyiacetyl, or N-benzyloxycaibonyl; and the other of 

Zj andZQis 

(a) phenyl or monosubstituted phenyl wherein said substituent 
is selected ftom C1.3 alkylthio, C1.2 alkoxy. halo. -H. or Ci^ alkyl; 
or 

^ ^ (b) disubstituted phenyl wherein said substitutents are 

independenfly selected fiom C1.3 alkylthio. C1.2 alkoxy, halo, Ci^ 
alkyl. or the disubstituents together fonn a methylene dioxy group; 

provided that: 

(1.) when W is -CR5=CR7- or -N=CR7- then 

15 nisi; 

R3, R5, R7 and R9 are. independcndy, -H or C1.2 alkyl; 
R2 and Rg togedier represent a double bond in the B ring such that die 
B ring is an aromatic pyridine or pyrimidme ring; and 
(2.) when W is -S- or -O- Uien 

20 nisi; 

R3 and R9 are, independently, -H or C1.2 alkyl; and 
R2 and Rg are. independendy, -H or C1.2 allqrl or together represent 
a double bond in the B ring such diat the B ring is an aromatic thiazole 
or oxazole ring; 



25 



30 



widi sulfur in areluxing hydrocarbon solvent, such as decalin, tetialin, E-cymene.or 
xylene, or with potassium tert-butoxide in tert-butanol, widi oxygen gas for 15 
minutes. optionaUy followed by acylation, oxidation, reduction, hydrolysis or 
demediylation to yield the desired final compound of Fomiula (lA); or 

C. When it is required to prepare a compound of Formula (E), as defined above, 
reacting a compound of Formula (IB) represented by the stmcture: 

R2-7— (C)„— Rs 
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Formula (IB) 

wherein: 

W2 is -(CR4R5HCR6R7K "(NR4).(CR6R7)'. 5(0)^ or O; 
misCh, 

5 nisi or 2; and 

One of Rj or Ro is 4-pyridyl and the other is selected fronr 

(a) phenyl or monosubstituted phenyl wherein said subsdtuent 
is selected ficom Ci,3 alkyldiio, C1.2 alkoxy, halo, H, or Ci^ alkyl; 
or 

10 (b) disubstituted phenyl wherein said subsdtutents are 

independendy selected from C1.3 alkylthio, C1.2 alkoxy, halo, 

alkyl, or the disubstituents togedicr form a methylene dioxy group; 

provided diat: 

(1) when W2 is -(CR4R5)-(CR6R7). or .(NR4XCR6R7)- and n is 1; 

IS R2» ^8 and R4, Rg together represent two C=C bonds to form an 

aromatic pyridine ring or an aromatic pyrimidine ring; R3, R5, R7 and 
R9 are H or one or more of R3, R5, R7 and R9 are independendy 
selected from H or C1.2 alkyl; or 

(2) when W2 is S(0)ni. m is 0, and n is 1 or 2; 

20 R2, R3, Rg and R9 are H or one or more of R2, R3, Rg and R9 are 

independendy selected from H or C1.2 alkyl; or 

(3) whenW2isS(O)inorO,mis0andnisl; 

R3 and R9 are H or one or more of R3 and R9 are independendy 
selected from H or C1.2 alkyl; R2, Rg forms a C=C bond in an 

2 5 aromatic thiazole or oxazolc ring; 

. *»* ■ 

is treated in a diy ediercal solvent, such as tetrahydropyran, at reduced temperamres, 

with a substituted caibonyl halide, such as an acyl halide, aroyl halide; arylalkyl 
haloformate ester or an alkyl haloforaiate, followed by treatment with a Cj^ alkyl 

3 0 grignard reagent aii an aqeaous work up to yield die final desired compound of 

Formula (E) which may be further reacted to yield a compound of Formula (lA); or 

D. When it is required to yield a compound of Formula (lA) wherein R^ is 4-pyridyl 
or mono-Cj^ alkyl-4-pyridyl, reacting a compound of Formula (F) represented by 
35 the structure: 



wo 91/00092 PCrAJS90/03367 

-99- 

"2-/— (C)„— Rt 
(Rio)3Sn N w 

Formula (P\ 



wherein: 

5 Wis-CR5=CR7-..N=CR7-..S.or-0-; 
RlO is Ci^ allqrl; and 

X2 is 4-pyridyl or mono-Ci^alkyl-substituted pyridyl; 

provided that: 

(1.) when W is -CR5=CR7- or -N=CR7- then 
10 nisi; 

^3. ^5. R? and arc. indq)endently. -H or C1.2 alkyl; 
R2 and Rg together represent a double bond in the B ring such that the 
B ring is an aromatic pyridine orpyrimidine ring; and 
(2.) when W is -S- dien 
15 nisi or 2; 

R3 and R9 are, independently, -H or C1.2 alkyl; 
furtho- provided that: 

(a.) when W is -S- and n is 1 then R2 and Rg are. independendy, - 
H or C1.2 alkyl or togedier represent a double bond in the B 
ring such that the B ring is an aromatic thiazole ring; and 
(b) when W is -S- and n is 2 then R2 and Rg arc, independently, - 
H or C1.2 alkyl; and 
(3.) when W is -O- then 
n is 1; 

R3 and R9 are, independently, -H or C1.2 alkyl; and 
R2 and Rg repesent double bonds in die B ring such that the B ring is 
an aromatic oxazole ring; 



20 



25 



30 



is added to 



a) an excess of a solution of mono- or di-substimted phenyl bromide, 
triflate or iodide in an inert solvent; 

b) containing hexametiiylphosphoramide and a palladium (O) catalyst, 
such as tetrakis (triphenylphosphine)palladium; or 
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c) said solvent containing a palladium (II) catalyst in the presence of 
lithium diloride and an added inorganic or organic base, such as sodium bicarbonate 
or triethylamine; and 

d) optionally followed by oxidation, hydrolysis or reduction to yield 
5 the final desiied compound of Fbmiula (lA); 

provided tiiat : 

when W is S{0)^ and m is 0, n is 1 or 2 and X2 is 4-pyridyl; the 
Formula (F) compounds are treated with a di-substituted phenyl 

1 0 bromide, trifilate or iodide wherdn the substituents arc selected from 

oviC of the following combinations: di(Ci.3 alkyltfiio), dihalo, 
(Cj.salkylthio) and C1.2 alkoxy, Ci_3 alkyltiuo and halo, C1.3 
alkyltiiio and Cj^ allqrl, or C1.2 alkoxy and halo; 
fimher provided that die remaining compounds of Fomiula (F) when treated with a 

^ 5 memo- or di-substituted phenyl bromide, triflate or idoide said mono- 

substiutent is selected from C1.3 alkyltiuo, C1.2 alkoxy, halo, 
hydrogen, or Ci^ aikyl; or di-substituted substituents are selected 
from C1.3 alkyltiiio, C1-3 alkylsulfinyl, C1.2 alkoxy. halo, or Ci^ 
alkyUor 



20 



E, When it is required to prepare a compound of Formula (LA) wherein one of or 
Rq is a mono or di-substituted phenyl having at least one 2-alkcnyl-l-tiiio 
functionality, reacting a compound of Formula (G) as represented by the structure: 



«3 I ' 



-N 




25 

Formula (G) 
or a pharmaceutically acceptable salt thereof, 

wherdn: 

30 W is -CR5=CR7-. -N=CR7-. -S- or -O; 

one of Vi or Vq is 4-pyTidyl or Ci^alkyl-4-pyridyl, provided that 
when Vj is Ci^alkyl-4-pyridyl die alkyl substinitent is located at die 
2-position of die pyridine ring, and the otiier of Vj and Vq is selected 
from: 
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(a) monosubstituted phenyl whereirt said substituent is 
meic^to; or 

(b) disubstituted phenyl wherein one of said subsdtuents must 
be mercapto and die other is selected from mwcapto, C1.2 alkoxy, 

5 halo.orCj^alkyl; 
provided that: 

(1.) when W is -CR5=CR7- or -N=CR-j- then 
nis 1; 

R3, R5, R7 and R9 are, independenfly, -H or C1.2 allqrl; and 
^2 and Rg togedier represent a double bond in the B ring such that the 
B ling is an aromatic pyridine or pyrimidine ring; and 
(2.) when W is -S- then 

nis 1 or 2; 

R3 and R9 are, independendy, -H or Ci_2 alkyl; 
^5 further provided that: 

(a) when W is -S- and n is 1 dien R2 and Rg 

arc, independendy, -H or C1.2 alkyl or together represent a 
double bond in die B ring such diat die B ring is an aromatic 
diiazole ring; and 

W when W is -S- and nis 2 dienR2 and Rg are, independendy. 
-HorCi.2allqrl;and 
(3.) when W is -O- dien 
nis 1; 

R3 and R9 are, independendy, -H or C1.2 alkyl; and 
R2 and Rg repesent double bonds in die B ring such tiiat die B ring is 
an aromatic oxazole zing; 

wherein die compound of Formula (G) is placed into solution widi a polar solvent 
and treated with base, such as a metal hydride and die resulting salt form is treated 
widi a l-halo-2-alkene to yield die desired compound of Fonnula (lA) having at least 
one 2-alkenyl-l-diio substituent group on die mono- or di-substituted phenyl; or 

F. When it is required to prepare a compound of Fomiula (lA) wherein one of Rj or 
Ro is a mono- or di-suhstituted phenyl having at least one l-alkenyl-l-diio functional 
group, reacting a compound of Formula (G) as defined above, in a nonprotic solvent, 
such as tetrahydrofuran, with a strong base, such as Udiium diethylamide, at low 
temperatures to generate die lidiium mercaptide salt; alkylating said salt widi a 
trimediylsilylmediylating agent, such as a haKde, trifilate or acetate derivative, to form 
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the trimethylsilylmethylthio subsdtuent group; said trimediylsilylineth^thio 
substiutcnt is dq)rotonated with addition of said strong base and treated with the 
gqjpropiiate aldehyde or ketone to yidd the desired conqwund of Formula (lA); or 

5 G. When it is required to prepare a compound of Formula (IA),Qr (EB) wherein one 
of Ri or Ro is a naono or di-substituted 4-alkylihio compound, which process 
comprises reacting a corresponding 4-halogen substituted compound of Formula 
(lA), or (IB) witii a metal alkyl-mercaptide salt, such as sodium thioethoxide, in a 
polar nonprotic solvent, such as dimethylformamide to yield the desired final product 
10 ofFormula(IA),OT(IB);or 

EL When it is required to prepare a compound of Formula (lA) wherein the final 
desired compound has an allqrlsulfinyl, 1-aIkenyH-sulfinyl or 2-alkenyH-sulfinyl 
mono or di-substitnted phenyl, or compounds of Formula (lA) wherein W is S(0)in 

15 and m is 1 which process comprises reacting the corresponding compound of 
Formula (lA) having a mono- or di-substituted alkylthio, 1-alkenyl-l-tiiio, or 2- 
alkenyl-l-thio moiety with an oxidizing agent, such as an organic peracid, or an 
inorganic agent, such as sodium periodaie or hydrogen peroxide; or 

20 L When it is required to prepare a compound of Formula (lA) which process 
coniprises 

a) reacting a compound of Formula (C) as previously defined with a 
Cx.5 alkyllithium compound to yield die corresponding lithium 

reagent by metallation; 

25 b) adding excess magnesium halide etherate to the litiiium reagent to 

yield the coreqwnding Grignard reagent by transmetallation; ^. 

c) adding the Grignard reagent to an N-acylpyridium salt to yield the 
corresponding compound of Formula (D) as defined above; 

d) dcacylating and oxidizing the Formula (D) compound followed 
3 0 optionally by hydrolysis, reduction, oxidation, demethylarion and 

acylation of the oxidized compound of Formula (D) to yield the 
desired final compound of Formula (lA); or 

J. When it is required to prepare a compound of Formula (LA) which process 
35 coirq)riscs 

a) reacting a compound of Formula (C) with a Ci^s alkyllithium 
compound to yield the corresponding lithium reagent by metallation; 
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b) adding excess magnesium halide or zinc halide etherate to the 
Uthium reagent to yidd die coresponding organometallic reagent by 
transmetalladon; 

c) adding die oiganotiansmetallated reagent to a 4-bromo, 4- 
5 iodopyridine or die triflatc ester of a 4-hydioxy pyridine in die 

presence of palladium (O), such as tetrakis (triphenyl-phosphine)- 
palladium or a palladium (II) catalyst, in die presence of Udiium 
chloride and a base to yield die corresponding compound of Formula 
(lA) as defined above; or 

10 

K. treating die 3-Udiio derivative of a compound of Formula (Q, Step J.(a), as 
previously defined, witii a tiialkyltin halide. such as n-butyl tin chloride, to ^ield a 
compound of Formula (If) having die foUowing formula 

R2-7^-(C)„-Rs 
(Rio)3Sn N w 



Formula fTfi 



wherein 

20 



W is -CR5=CR7-, -N=CR7.. -S- or -O-; 
X3is 

(a) phenyl or monosubstituted phenyl wherein said substinient 
is selected from C1.3 alkyldiio. C1.2 alkoxy, halo, or Ci^ alkyl; or 

(b) disubstituted phenyl wherem said substitutents are 
independenUy selected ftom C1.3 alkyldiio, C1.2 alkoxy, halo, C1.4 

^ ^ or disubstituents togedier form a mediylene dioxy group; 

provided thac 

(1.) when W is -CR5=CR7. or -l^^CR-j. dien 
nis 1; 

R3. and R9 are, independendy, -H or C1.2 alkyl; 

R2 and Rg togedier represent a double bond in die B ring such tiiat die 
B ring is an aromatic pyridine orpyrimidine ring; and 
(2.) when W is -S- or -O- dien 

nisi; 

R3 and R9 are, independendy, -H or C1.2 alkyl; and 



30 
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R2 and Rg arc. independently. -H or C1.2 alkyl or together represent 
a double bond in the B ring such that the B ring is an aromatic thiazole 
oroxazolering; and 

5 reacting the Formula (If) compound with a mixture of a 

i) 4-pyridylhalide,preferably iodide, or trifilate ester of a 
hydroxy 4-pyridyl compound; and 

ii) tetrakis (triphenylphosphine)palladium in a rnixture of 
tetrahydrofuran and hexamethylphosphoramide; or 

iii) a mixture of i) and a palladium (n) catalyst in the presence 
or fithium chloride, and a base; 

bofli optionally followed by hydrolysis, oxidation, or reduction to 
yield the desired final compound of Formula (lA); or 

15 L, Treating a compound of Formula (C), as previously defined, with 

i) an excess of bromine to yield a 3-bromo derivative of a 
Formula (Q corrqjound; 

ii) treating the 3-hromo dereviative by halogen-metal exchange 
with nrBuli to yield the corresponding 3-lithio derivative; 

20 iii) coupling a compound of step © or step (ii) with a 

substituted 4-halopyridine in the presence of Wdentate palladium-(II) 
or a Ni(II)a2 (l^-bis-(diphenylphosphino)etiiane) catalyst to yield 
the desired compounds of Formula (lA); or 

25 M Treating a compound of Formula (Q wherein X is a 4-pyridyl or mono-Ci^ 
alkyl-4-pyridyl \vith 

i) an excess of bronune to yield a 3-bromo derivative of a 
Formula (Q compound; 

ii) followed by halogen-metal exchange with n-BuLi to yield 
30 the 3-lithio derivative ; 

iii) coupling a compound of step (i) or (ii) to a substituted 
halobenzene, preferably iodide, in die presence of bidentate 
palladiumdl) or a Ni(II)Cl2 (l,2-bis-(diphenyIphosphino)ethane) 

catalyst to yield the desired regioisomer compounds of Formula (lA); 
35 or . 



N. Treating a compound of Formula (Q wherein X is a 4-pyridyl or mono-Ci^ 
alkyl-4-pyridyl with an excess of bromination to yield a 3-brDmo derivative of a 
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10 



15 



20 



Fonnula (Q confound and coupling a conqwund of step (i) or Cxi) to a substituted 
phenyl-trialkyl tin reagent with a palladium (O) catalyst, such as tetralds (triphenyl- 
phosphine)palladium to yield the desired compounds of Fonnula (lA); or 

O. Treating a compound of Fomiula (Q wherein X is other than a 4-pyiidyl or mono- 
Ci^ aIkyl-4-pyiidyl with an excess of bromination to yield a S-bromo derivative of a 
Fonnula (Q con^jound, and coupling to a substituted 4-pyridyl-trialkyl tin reagent with 
a palladium (O) catalyst, such as tetralds.(triphenyIphosphine)palladium, to yield a 
compound of Fonnula (lA); or 

P. CoupUng a compound of Fonnula (F) as previously defined, with a halobcnzcne, 
such as iodophenyl, in the presence of a palladium (O) catalyst, such as tetralds 
(triphenylphosphine)palladium, to yield a compound of Fonnula (lA); or 

Q. Wherein die desired final product is a compound of Fonnula (lA) wherein R or 
Rl is phenyl substituted with a substituted disulfide group are prepared by treating a 
compound of Fonnula (G) by mild air oxidation; or to yield the nonsymmetrical 
disulfide compounds of Fonnula (lA) wherein die disulfide is Z and Z is -S-S-Zi ; Zi 
is Ci.9 alkyl or phenyl; are prepared by reacting the appropriate sulfliydryl compound 
of Fbnmila (G) witfi die appropriate sulfenyl halide in an ediereal solvent to aflfoid 
compounds of Fonnula (I) wherein one of R or r1 is phenyl substimted with one or 
more alkyl-dithio or aiyl-ditiiio groups. 



wo 91/00092 



Figure 1 



PCr/US90/03367 



< 
CO 

_l 

Ui 



O) 

a 



u. 
z 
I- 



700000 



Serum TNF in P. acnes Mice 
Effect of Compound A given 30 min. pre LPS 




vehicfe 



100 



Compound Dose (mg/kg) g 



tven p.o. 



wo 91/00092 



PCrAJS90/03367 



2/4 

Figure 2 
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